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1. Introduction ' 

This document reports the result of a study of possible utilization 
of the Tracking and Data Relay Satellite System (TDRS) by the High 
Energy Astronomical Observatory Satellite (HEAO-C), The primary func- 
tion of the study was to assess the impact upon the HEAO telecommuni- 
cations system of the proposed relay satellite- to- ground- link configu- 
ration. 

The TDRS- system design is being managed by the Goddard Space 
Flight Center, The system was originally planned for the late seventies* 
and it is designed to perform the function of most of the NASA ground- 
tracking and communications network at a net cost savings for NASA* 

At this time* NASA hopes to have the TDRS system in operation by 1979* 
with private industry* using the NASA technology* deploying the system, 
and NASA leasing most of the TDRS capacity. 

The HEAO program is being managed by the Marshall Space Flight 
Center, NASA plans to launch HEAO spacecraft in 1977* 1978, and 1979. 

The HEAO-C satellite (1979) is a potential user of the TDRS system. 

If the HEAO-C does indeed become a TDRS system user* the cost 
of the satellite telecommunications system will definitely be increased. 
Only the decreased costs of maintaining the ground stations can justify 
the increased cost and complexity of the HEAO-C telecommunications 
system. 

Several ground- rules were accepted in defining the scope of the 
study. They included accepting the present definition of the TDRS 
system (antenna gains* transmitter power* etc,)* and determining the 
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parametric requirements of the HEAO-C in order to maintain the re- 
quired communications standards. This report, then, is primarily 
a description of the TDRS system as it relates to the proposed TDRS- 
HEAO-C communication links, a description of the HEAO-C data handling 
requirements, and a discussion of the resulting HEAO-C telecommunica- 
tion requirements, and a design of a proposed HEAO-C telecommunications 
system. 

Detailed effort in the study has been directed toward several 
specific system components. This includes the pseudonoise spread- 
spectrum modem transponder for the HEAO-C and ground receiver. More 
general consideration was given to components such as the spacecraft 
antenna system and error control coding and decoding schemes. Also 
general power budget data were calculated to confirm the feasibility 
of the proposed communication link. 
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2. Tracking and Data Relay Satellite System, 

Current Specifications 

This section describes the TDRS telecommunications system as it 
relates to the proposed HEAO-C TDRS communications link. Table 2—1 
shows the TDRS frequency plan. Table 2-2 shows the Telecommunication 
service specifications for low and medium data rate users. The HEAQ-C 
will be a MDR user, therefore in this section most of the material will 
relate to the MDR section of the TDRS system. 

The TDRS is designed to accomodate two medium data rate users. 

This is accomplished with the telecommunications sub stem block diagram 
as shown in figure 2-1. The TDRS-user forward link has S-band and Ku- 
band capability. The MDR TDRS antenna system is assured to be an 8 
(eight) foot parabolic dish antenna with 60% efficiency. (This figure 
is in variance with some initial TDRS design, such as the 6.5 foot 
dish suggested by the RI TDRS study.) The system has the capability 
of supporting two MDR users with any combination of Ku or S-band, 
and one of the MDR space- to- space forward link transponders and antenna 
Can serve as a back-up for the TDRS— Ground Ku—band link. 

One initial design of the TDRS specifies that the MDR-S band 
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capability is for users with data rate less than 10 bps.. Exception 
to the specifications is taken in this study. 

The TDRS transponder functiore as a linear translator in both the 
forward and return link. For this reason, and because power flux 
density impinging on the earth's surface from the TDRS satellite is 
limited by IRAG standards, the data must be spread in bandwidth, this 
spread spectrum is achieved by modulating the information signal by 
a pseudonoise signal. The pseudonoise signal selected for this 
application is a shift register generated pseudo random digital sequence. 
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The 1RAC guidelines for maximum power flux density at the earth's 
surface for various frequency bands are given in table 2-3. 
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■ 

Links 

..... — — — - 

Frequency 

Channel Bandwidth 



LDR 

400.5 to 401.5 MHz ■ 

1 MHz 

4 - 250 Khz channels 


* 

MDR 



e 

•H 


S-band 

2025 to 2120 MHz 

95 MHz channel 

h-4 


Ku-band 

14,6 to 15,2 GHz 

4 - 100 MHz channels 






cO 

E 

o 

4 

TDRS/GS 




Ku-band 

1 13,4 to 13.64 GHz 

240 MHz 

Cm 


VHF 

| 148.26 MHz 




S-band 

2200 to 2290 MHz 

90 MHz 


* 

Tracking/Order Wire 

2066 MHz 



« 

Ku Beacon 

15,0 GHz 



♦ 

LDR 

■ 

136 to 138 MHz 

■ . 

2 MHz (20 users 
multiple accessed/TDRS) 


• ' 

MDR 

. 

. . 


Jxt 


S-band 

2200 to 2300 MHz 

20-10 MHz slots in 5 

c 



. 

MHz steps or 100 MHz 

t-J 



. 

wide open 

C 

M 

3 

• 

Ku-band 

13*6 to 14.0 GHz 

4-100 MHz channels 

iJ 

a) 

03 

• 

TDRS/GS 





Ku-band 

14.6 to 15.2 GHz 

200 or 600 MHz channel 



VHF 

136.11 MHz 




S-band 

2025 to 2110 MHz 

85 MHz 


L_ 

Tracking/Order Wire 

2249 MHz 



Table 2-1 TDRS Frequency Plan 
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'■ 

Description 

i — ; — : 

LDR User 

MDR User 

Number of users 

Forward: Minimum of 1 

Return: 20 

Minimum of 1 

Frequency 

Forward: VHF, UHF, ) 

S-band v 

S- or X- or Ku-band 


Return: VHF 1 


Communications 

requirement 

Forward: 100 to 1000 bps 

Forward: 100 to 1000 bps 


Return: 1 to 10 kbps 

Return: 10 to 1000 kbps 

Constraints , 

'Linear transponder in 
return link 

'Linear TDRS transponder 
return link 


‘High RFI 

'Variable frequency 


'Flux density ( IRAC) : 

VHF < -14 A dBw/m^/4 khz 
UHF “ -150 dBw/m2/4 khz 
S-band < -154 dBw/m^/ 

4 kh z 

‘Flux density (IRAC): 

S-band < -154 dBw/m^/4 khz 
X-band < -150 dBw/m2/4 khz 
Ku-band < -152 dBw/m^/ 

4 khz 


*E1RP = +30 dBw/ channel 
(VHF, UHF) 

*BER = 10~ 5 


= +41 dBw/channel(S) 



.BER = 10~ 5 





Table 2-2 TDRS Telecommunications Service Specifications 
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1 — ; 


-UILVJT-14_-IM m 


— ~ ■ “ “ “ 


i 

LDRU 


tDRU 


iDRu 

t i 

I 

NO 1 


NO .2 


NLi 20 

1 

„ 






UHF 400 & 40 ! 5 MH/ 

2 simultaneously 


S BAND 
OR 

KU -BAND 


MORU 

L^J 

NO 1 



S 8AND 
OR 

KU - BAND 



2.025 2 1?Q GH/ 

14 6' 14 8 GH/ 

15 0 


A S 8ANO 

OR 

KU BAND 


? 025 2 120 GH/ 


KU - BAND 13 


14 8 GH/ A v 

u 

4 13 64 GH/1J* 

V’ 


14b .14 8 GH/ 

150 15? 


KU BAND 14 6 15 2 GH/ 

t 

SPARE 


GROUND 

STATION 


Figure 2-1 Telecommunications Service Subsystem Block Diagram 


Frequency Band Flux Pens! ty in 4 kHz 

2 

VHF - 144 dBw/m 

2 

UHF . - 150 dBw/m 

- 154 dBw / m 2 

- 150 dBw/m 2 

- 152 dBw/m 2 

Table 2-3 1RAC Guidelines 


S-band 

X-band 

Ku-band 
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Forward Link: 

Return Link: 

Power link margin is specified as lOdb for a telemetry BER of 
1 part in 10^. 

Uplink commands at 1 kbps are PCM/PSK/FM modulated on a 70kHa 
sub carrier which is phase modulated on the carrier. 

The HEAO-C command and data handling subsystem block diagram is 
shown in figure 3-1. The nomenclature used in this diagram is as follows: 

CDHS: Command and Data Handling System 

PCD: Primary Command Decoder 


HIGH RATE MODE 

1 kbps Command Channel 

128 kbps Real time experimental data 
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SCD s 

Secondary Command Decoder 

SCF ! 

Stored Command Programmer 

car : 

Central Clock Unit 

RMU i 

Remote Multiplexing Unit 

TRIU: 

Tape Recorder Interface Unit 

USB : 

Unified S-Band 

TA i 

Transfer Assembly 


The overall communication and tape recorder system block diagram 
for HEAO-C - TDRS capability is shown in Figure .3-2* 

The impact on the HEAO-C instrumentation of the TDRS relay link 
would be the reduction or elimination of the HEAO-C tape recorder 
requirement* 




COMMAND AND DATA HANDLING SUBSYSTEM BLOCK DIAGRAM 



NOUS: 


o 


4 NON- REDUNDANT tAA TO* HL AO A 

i redundant ca.a fc? head a 

j NON-R{DUNDANT t AA fCR HfAOC 


(7) 1 REDUNDANT S!A EG* HE AO A, 8, C 

© REDUNDANT ’OUTPUTS f»OM A SINGlt 
EXPERIMENT 

(7) REQUIREMENT UNDER STUDY 


© g Sf»|AE ' j EaO A and C 
l-S ifRlAi. HE AC l 


® 


DISCRETE Commands 
he*C a and C 

NO DISCRETE- COMMANDS 
HE AO 8 










TCP ANTENNA 
PIONEER F/G 



figure 3-2 Communication and Tape Recorder System Block Diagram 




12 


4, Communication Link Analysis 


This section is divided into two parts* a procedure for factoring 
the effects of spread spectrum techniques into power budget calculations 
and TDRS-HEAO-C power budget calculations. 

(a) Procedure for Factoring the Effects of Spread Spectrum 

Techniques into Power Budget Calculations 

Normal power budget calculations for single-user, single- channel 
applications consist of the following steps: 

(1) Determining the system parameters such as transmitter power 
transmitter loss, transmitter antenna gain, atmospheric loss, 
polarization loss, space loss, receiver antenna gain, receiver 
noise figure, preamplifier noise temperature, receiver losses, 
and bandwidth. 

(2) Using appropriate parametric relations, calculate the con- 
trastfcratio at the receiver output. 

(3) Alternately, given the required contrast ratio for a given 
error fate limit at the demodulator, optimize the parameters 
in (1) to yield the required contrast ratio. The optimiza- 
tion procedure might require minimization of system cost, 
minimization of transmitter power, minimization of receiver 
antenna gain. Normally, the procedure requires some sub- 
jective parametric tradeoffs based on engineering judgement, 
along with objective parametric tradeoffs based on a mathe- 
matical optimization of 'the system model. 

The purpose of this section is to give a straightf orward procedure 
for including the effects of a spread spectrum implementation upon the 
final contrast ratio for a communications links under conditions that 
include multipath and RFI conditions. 

An analytical consideration of the problem is complicated by the 
fact that under realistic conditions both RFI and multipath interference 
are characteristically nonstationary. 



(This page intentionally blank) 
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A single model for the purpose of contrast ratio estimation under 
conditions of multipath is based on the configuration of figure 



Figure 4-1 TDRS-USER DIRECT AND MULTIPATH SIGNAL ROUTES 
r Q 2 = (d x + R) 2 + (d 2 + R) 2 - 2 (d x + R) (d 2 + R) cos (8) 

Using the simplifying assumption that 0 is small the law of sines as applied 


to figure 1 yields 

R + d l _J_ 


R + d2 = R 


Also 


And 


^ , + 9 1 - a «= o 

+ 0 2 - a = o 


9-, + e 


2 = 


0 


Solution of these equations yields 
, = R 9 (R + d ? ) 

1 R(d^+d2)+2d^d2 


(4-2) 

(4-3) 

(4-4) 

(4-5) 

(4-6) 

( 447 ) 
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R0 (R +d-, ) 

= R(d 1 +d 2 )+2d 1 d 2 

(4-8) 

0 (R+d-j ) (R+d?) 
a R(d x +d 2 ) + 2d x d 2 

(4-9) 

0 = e(R+d 2 ) d x 

R(d^+d 2 ) + 2d^d2 

(4-10) 

and 


= 6(R+d 1 ) d 2 

2 R(d 1 +d 2 ) + 2d 1 d 2 

(4-11) 


The approximate time delay for the reflected signal path is 


T d ^3X10 8 £ d 2 + d l " 

= 2d l 

3X10 8 


Cd2 - d ± )j 


(4-12) 


and the slant-range to the user or TDRS from the reflection point is 
approximately equal to the orbit altitude. 


The spherical surface of the earth causes divergence of the 
reflected signal in figure 1. This results in an attenuation 
A = rs 2 . 

(d 1+ rs) 2 (V13) 

where rs is the distance from the point of reflection to the virtual signal 
source. For small 
R 2 

(2d! + R) 2 (4-14) 

Figure 4-2 illustrates the reflecting area for a particular TDRS-USER position. 
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In general, because of the complex nature of the earth’s surface, the 
multipath signal to the user arrives from a relatively large area of the earth’s 


surface. This results in a Doppler and delay distortion of the returned signal. 
This spread in multipath delay causes a distortion in the autocorrelation 
function of the PN code modulated on the multipath component of the TDRS-User 
signal. This distortion reduces the likelihood that the user PN transponder 
will ” lock-on” the multipath component of the signal. If the bandwidth of the 
autocorrelation filter is B, the digital PN rate is fc, and 


2d- 


3 X 10 


8 



t 


(4-15) 


then the multipath component of the user input signal is spread with minimum 


effect on the transponder PN-loop tracking. 

To facilitate the power budget analysis, the PN spread spectrum system 


will now be described. 
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General Description of Spread Spectrum Systems 

In general, spread spectrum systems are those ccesatmlcations schemes 
which utilize a wider spec tram bandwidth than the channel information 
signal bandwidth. A simple FH oomaunic ations system can be interpreted as 
a spread spectrum system under this definition* The comnunic ations pro- 
cessing is performed in such a way that the extra spectrum utilization 
results in improved signal -to -noise ratio at the receiver output* In other 
words, spectrum has been traded for increased signal -to -noise ratio* 

Spread spectrum systems are very effective In situations where inter- 
ference is a significant factor* In space cosmsmloatlons, the spread speetnuu 
concept has been proposed to combat multipath fading and provide interference 
rejection in such supplications as coinmmioation-relsy-eatellite to user links* 

Psewto-Holse Systems 

A pseudo-noise system is a particular form of spread spectrum system 
that combats multipath fading and interference, and in addition can provide 
ranging, telemetry synchronization, aid addressing* The term "pseudo-noise ” 
refers to noise -like sub-carriers used In such systems, usually generated 
from a maximum length digital sequence generator. Maximum length digital 
sequences have many properties that make them statistically similar to 
true random digital sequences* One of these is the similarity of the 
autocorrelation functions of maximum length and true random digital sequences 
as illustrated in figure 4 - 3 . In the figure, Tb is the digital clock period 
and L * 2 n -l , 






-kvr- -2>r 0 2 

% T'b ! ^ 

Figure 4-4 Power Spectrum of a Random Digital Sequence 
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The spectrum of the pseudo-random or pseudo-noise sequence has the 
envelope of figure 4^ 4 but consists of impulse functions spaced at inter- 
vals of 2'tT/(LTg) radians. 

If L is' large, the unit impulse functions are closely packed, with L 
spectral components between G)=0 , U) =2 YT/Tg. 

Transponder Design 

To illustrate the capability of the FN spread spectrum scheme, a 
typical space PN-transponder design will be reviewed. Figure4-5is the 
transponder design. 

A simplified diagram of the communication capability of the trans- 
ponder is given in figure 4-6. 



Figure 4-5 Complete PN Transponder 

















The spectrum representation of the signals at point A and B are 
given below, the spectrum of the signal at point C is the convolution 
of the signals at A and B. 



Relative 

Amplitude 



Figure 4-8 Spectrum at Point B 
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Relative 

Amplitude 



FigureV-9 Spectrum at Point C 


The spectrum point D, after additive interference in the channel is 
shown. in figure 4*1 Q 

The interference is assured to be an additive sinusoidal at frequency 
Wj radians/sec. 


Relative 

Amplitude 



Figure 4*10 Spectrum at Point D 
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Assuming the FN generator in the receiver is synchronized with the 
PN generator in the transmitter, the spectrum representation of the 
signal at point E is the convolution of the PN sine envelope with the 
composite signal at point D, and the. results are shown in figure 4-11. 



The filter in figure4-6 is aband pass unit centered around 
and the spectrum at point F is shown in figure 4-12. 


Relative 

Amplitude 
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The interfering signal added in the channel is spread by the 
PN demodulation process, and only a portion of the energy associated 
with this interfering signal is passed to the output by the filter. 

The operation of the PN modulation-demodulation scheme in Figure 
4- 6- requires that the PN generator and digital clock driving this gene- 
rator in the receiver be synchronized with the PN generator and the 
clock in the transmitter. The PN transponder shown in Figure 4-5 in- 
cludes the necessary circuitry to achieve this sychronization. A 
simplified block diagram of . the transponder is shown in Figure 4-13. 

The operation & is convolution in the frequency domain or 
multiplication (Corresponding to digital modulo-two addition) in the 
time domain. The clock phase- lock loop, the carrier phase- lock loop, 
and the PN generator are shown in Figure 4-14, 4-15, and 4-16 
respectively. 

The transponder "locked" condition means the carrier phase, the 
clock phase, and the PN generator must all be synchronized with the 
signal comprising the input signal, PN ig) CL CAl. The time required 
for synchronization depends upon PN code lengths and loop bandwidths. 
For a particular TDRS-user transponder design, studies have shown a 
lock-up period of several minutes is required. ThiA long period re- 
quired for achieving synchronization could be excessive for some 
communications users, and this question deserves further investigation. 
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Memory Elements 



PN Parameters 

In a multiple user system such as the conceptual TDRS design, the number 
of expected users affects the choice of PN parameters. In the TDRS design 
approximately 40 simultaneous users must share the assigned spectrum. It was 
concluded from early studies that the number of suitable PN codes was not \ 
sufficient to allow user identification by assigning a unique PN code to 
each user. A possible means of avoiding this problem is the use of hybrid- 
sum sequences rather than maximum -length sequences as the PN code. Figure 4- 
17 is a block diagram of a hybrid-sum sequence formed from the modulo- 
two sum of several maximum- length digital sequences. A recent study has shown 
that the statistical properties of hybrid-sum sequence are potentially better 
than those of maximum length sequences, and are much easier to evaluate 
analytically. 






N MAXIMUM-LENGTH GENERATORS 



Figure 4-17 Hyrid-sum sequence generator 
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Currently a study is being performed to evaluate the capability of these 
codes to improve the lock-up and tracking performance of FN transponders for use 
in the TDRS-user system. 

The autocorrelation functions of hybrid sum sequences for k-even and k-odd, 
where k is the number of ML sequences forming the HS sequence, is shown in 
figure 4-18. The autocorrelation function for the case k=l (single ML sequence) 
is a two level function in the general case. With this assumption the clock 
phase -lock-loop error signal (point C^fig.4^1^ is shown in figure 4-18. As in 
the case of ML sequences there is a stable lock point and tracking can be 
achieved. The time parameter L is given as 

L = 7J (2 nl - 1) , 

i=l . .. . 

and there are many possible values of L depending on the different selections 
of ni, the component generator sizes. 



Figure 4-18. .Examples of the autocorrelation function of sum 


sequences from k generators 
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Figure 4-19 Error Signal of Clock Phase Lock Loop 

t 

The expected improved performance of the HS system is based on a preliminary 
design of a lock-up mode where each component ML sequence locks independently* 
Since the component ML sequence can be much shorter than the final HS sequence, 
lock up time can be reduced. Also, because of the improved statistical 
properties of the HS sequence * lock communication performance should be improved 
to some extent. 

These considerations are important to TDRS users, for example, improved 
lock-up performance of the transponder might eliminate the need for significant 
user data storage and assure real-time data from user to ground over a longer 
period near TDRS handover. An in-depth study of the parameters of the spread- 
spectrum hybrid-sum transponder design as applied to the TDRS system is 
continuing. 
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Power Budget Calculations 

Normal power budget calculations can be modified to calculate the 


expected performance of a spread-spectrum communications system in the 
presence of multipath. 

The final .contrast ratio is 


CR 


P 

TET 


Where P is the signal power density, k is Boltzman's Constant, and T is 
the effective system temperature. T can be expressed 
T = T r + Tm 

where Tr is the effective receiver temperature which is calculated from the 
receiver noise—f igure and the antenna temperature, and Tm is the effective 
temperature of the spread multipath component. If the information bandwidth 
Is Bi and the PN clock rate is fd, then 



is the system processing gain. 

If Pm is the total multipath power component of the returned signal, 

then the spectrum at the multipath component is spread, and 

Pe =_Pm 

Bj g 


is the effective power density of the spread multipath signal. The effective 

•> . 

temperature due to the multipath component is then 

Tm = Pm 

kGBj 

The following procedure can be utilized to modify the standard contrast 
ratio calculations when there is a multipath signal component and a spread 
spectrum system is being used. 
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(1) Calculate the system noise temperature, TR, as the sum of the receiver 
noise temperature and the antenna temperature. 

(2) Calculate the signal power, P s , at the user with standard techniques. 

(3) Calculate the multipath signal power at the user using 

.2 P s r2 


Pm 


(2d x + R) 


where 


Ps is the signal power 
R is the radius of the earth 
dl is the altitude of the user 
(see fig. 1) 

a is the earth reflectivity 

(4) Calculate the effective multipath temperature as 


m 


An = 


kGB- 


where k is Boltzmans Constant, and G is the processing gain, 


G = fc 
BI 


The calculation above must be based on the condition 
2d-. . ... 

~ g > -i- 

3 X 10° _ B 

where B is the bandwidth of the tracking filter in the PN phase lock-loop. 

(5) Calculate 

T - T + T ■ . ' 

A r m • 


(6) Calculate the contrast-ratio 

CR = P s 
kTBj 

As an example, consider a user orbit 
dl = 200 km 

with a PN clock rate of 40 MHZ and an information bandwidth of 1.5 MHZ. 
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The analysis procedure is as follows: 

(1) Assume the system noise temperature referred to the 
receiving antenna is 700 K. 

(2) Assume the signal power at the user is - 80 dbm. 

(3) The multipath signal component is 

Pm — 83.6 dbm. 

where 
OC = .707 

(4) The multipath effective temperature is 

T = 2 2 OK 
m 

(5) The total effective system temperature is 
T = 920°K. 

(6) The contrast ratio is 
CR = 16 db 

The above analysis is appropriate because 

2d 1 O 1 

— - = 1.33 X 10*°. ± = 1.024 X 10“° 

3X10° B 

where the bandwidth of the loop tracking filter is 
B = 980 KHZ. 
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(b) Power Budgets and Links Performance 


This section describes power budget calculations used to evaluate 


the proposed HEAO-C-TDRS forward and return links. The TDRS- Ground 
link was not considered since this properly would be part of the 
TDRS system design* and in any case it is not the critical link. 

The HEAO-C-TDRS (return) link is critical because of the required 
data rate. The 1Kbps TDRS- HE AO- C (Forward) link required performance 
margin is easily achieved if the return link paj^meteirs fseet 
required margins. 

The following tables give the power budget calculations and 
form a parametric study of the link. The following lists the tables 
included: 


TABLE 

DESCRIPTION 

PARAMETERS 

4-1 

S-BAND HEAO-C-TDRS RETURN LINK 

2.025 GHZ 
3 db TRANSMITTER 
ANTENNA GAIN 

4— 2 

X-BAND HEAO-C-TDRS RETURN LINK 

10.357 6HZ 
3 db TRANSMITTER 
ANTENNA GAIN 

4-3 

Ku-BAND HEAO-C-.TDRS RETURN LINK 

15.200 GHZ 
3 db TRANSMITTER 
ANTENNA GAIN 

4-4 

S-BAND HEAO-C-TDRS RETURN LINK 

2.025 GHZ 

18 i 8 db TRANSMITTER 
ANTENNA GAIN 

4-5 

S-BAND HEAO-C-TDRS FORWARD LINK 

2.025 GHZ 
3 db RECEIVER 



ANTENNA GAIN 

4-6 

Ku-BAND HEAO-C-TDRS FORWARD LINK 

15.200 GHZ 
3 db RECEIVER 



ANTENNA GAIN 

4-7 

S-BAND HEAO-C-TDRS RETURN LINK 

2.025 GHZ 
3 db TRANSMITTER 
! GAIN, LOW RATE MODE 


* , 



(This page intentionally blank) 
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The calculations for the power budgets (1-6) were made with the 
assumption of the HIGH RATE MODE in the return link and 1 KBPS command 
signal in the forward link. The power budget for case 7 is for the 
low rate mode in the return link. In all cases of the return link the 
HEAO-C transmitter power is specified as 10 watts. In all cases the 
TDRS-HEAO-C range is assured as S.SSXIO' 7 METERS. The TDRS-MDR con- 
figuration is assured to include an 8 ft. . 60% effective aperture 
reflective antenna. 

The antenna pointing loss calculations are based upon a .3° RMS 
pointing error of the TDRS-MDR (8ft ) dish antenna. 

Other parametric data, such as the TDRS receiver equivalent 
noise temperature, are taken from contractor TDRS studies. 
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S-BAND H.EAO-C-TDRS RETURN LINK 
2,025. GH2 CONFIGURATION I 






































X-BAND HEAO-C-TDRS* RETURN LINK 
10.357 GH3 CONFIGURATION 2 





8' DISH -607a 
Receiver Antenna Gain 


Pointing Loss .3° 


Net Circuit Loss 


Received Signal Power 

— - . TEQ= 9009 

Thermal Noise Spectral Density 


Receiver Signal Power to Therm* 
Noise Spectral Density 


Channel Rate Data 128K BPS 


Coding Gain 


S/N Contrast Ratio 





.46.5 

db 

- 2.3 

. 

db 

-157/. 2 

db 

-148.5 

dbw 

-199.0 

dbw/HS 

50.5 

db 

51.1 

db BPS 

6 db 






10.8 db 


Margin 

Desired Margin 

37K BPS 

Allowed Channel Rate No Margin 


- 5.4 db 


10 db 


45.7 db BPS 
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KU-BAND HEAO-C-TDRS RETURN LINK 
15.2 GHS CONFIGURATION 3 



Thermal Noise Spectral Density 

TE O=90Q° ■ 

Receiver Signal Power to Therma 

Noise Spectral Density 
Channel Rate 128K BPS 


Coding Gain 


S/N Contrast Ratio 


Required S/N for PE=10 - ^ 


Margin 




-199.0 dbw/H2 


47.5 db 



10 db 





































S-BAND HEAO-C-TDRS RETURN LINK 


2*025 GHS CONFIGURATION 4 



Pointing Loss 


-.3 db 

Net Circuit Loss 


-140.1 db 

Received Signal Power 


-130.1 dbw 

Thermal Noise Spectral Density 


-199.0 dbw/H2 

Receiver Signal Power to Therma 
Noise Spectral Density 

b 

68.9 db 

Channel Rate DATA 128K BPS 


51 il dbBPS 

Coding Gain 


6 db 

S/N Contrast Ratio 


... .... 

23.8 db 

Required S/N for PE=10 ^ 


10.8 db 

Margin 


13 db 

Desired Margin 


10 db 

Allowed Chann^jj, No Margin 


j 

64.1 dbBPS 

• — 

- 

..... — _ 
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S-BAND HEAO-C-TDRS FORWARD LINK 
2.025 GH« CONFIGURATION 5 




Transmitter Power 17.7 watts 


Circuit Loss 


S' DISH -60% 

Transmitter Antenna Gain 







Pointing Loss 


Space Loss 


Polarization Loss 


Receiver Antenna Gain 


Pointing Loss 


Net Circuit Loss 


Received Signal Power 


Thermal Noise Spectral Density 


Receiver Signal Power to Therma 
Noise Spectral Density 


Channel Rate DATA IK BPS 


Coding Gain 


S/N Contrast Ratio 


, -9 

Required S/N for PE=10 


Margin 

Desired Margin 

Allowed Channel Rate No Margin 









































KU-BAND HEAO-C-TDRS FORWARD LINK 


CONFIGURATION 6 





Received Signal Power 


Thermal Noise Spectral Density 


Receiver Signal Power to Therma 
Noise Spectral Density 


Channel Rate Data 1KBPS 


Coding Gain 


S/N Contrast Ratio 


Required S/N for P_— 10**^ 

£a 


Margin 


Desired Margin 

Allowed Channel Rate No Margin 


-163.6 db 


-195.1 dbw/Ha 


31.5 db 


30 db BPS 



-5.3 db 


10 db 










































S-B.AND HEAO-C-TDRS RETURN LINK 
2.025 GHS CONFIGURATION 7 





Transmitter Power 


Circuit Loss 


Transmitter Antenna Gain 


Pointing Loss 


Space Loss 


Polarization Loss 


Receiver Antenna Gain 


Pointing Loss 


Net Circuit Loss 


Received Signal Power 


Thermal Noise Spectral Density 


Receiver Signal Power to Therm 
Noise Spectral Density 


Channel Rate 19.2 KBPS 


Coding Gain 


S/N Contrast Ratio 


Required S/N 


Margin 


Desired Margin 

Allowed Channel Rate No Margin 



10 dbw 


-1 db 


3 db 


odb 


32.2 db 


-.3 db 


>145*7 dbw 


>199.0 dbw/HS 









42.8 

dbBPS 

odb 

10.5 

db 

- .3 

db 

10 db 
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Several observations can be made from these power budget calcu- 
lations* These include: 

1. For the HEACfc-C configuration with low- gain transmitting 
antenna, the high data rate mode cannot be supported at 
S-band, X-band, or Ku-band* 

2# For the HEAO-C configuration with high- gain transmitting 
antenna (18*8db), the high data rate mode can be supported 
with a 13 db margin at S-band. 

3. For the HEAO-C configuration with low-gain transmitting 
antenna, the low data rate mode cannot be supported at 
S-band without coding. Even with coding the margin would 
be only 5.7 db (assuming a 6 db coding gain). 

4. For the forward or command TDRS- HEAO-C link, the S-band 
configuration will provide the 1KBPS link with a 13.4 db 
margin. The Ku-band configuration cannot support the 
link with the required data rate, link margin, and error 
probability, even with error control coding* The speci- 
fications of TDRS transmitter power for the S-band and 
Ku-band links are from a contractor’s (NAR) TDRS con- 
figuration. 
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5* : Proposed HEAO-C Modifications 

The proposed modifications in the design of the HEAO-C telecommun- 
ications system includes error control coding, a spread spectrum modems 
for TDRS relay, and a command pointing controlled S-band phased array 
antenna* Specific problems involved in the spread spectrum modem:.; 
design are discussed in sections 4,6, and 7* This section discusses 
the error control coding scheme and the HEAO-C antenna system* 


(a) Error Control Coding 

A previous study of possible coding schemes for digital data in a 


satellite relay communications link has concluded that convolutional 


encoding in conjunction with sof t-decisionViterbi decoding gives 
favorable performance gain with minimum increased hardware complexity* 
Figure 5-1 is a result of a computer simulation of a rate 1/3, 


constraint length 7 convolutional coding scheme with a 3-bit soft 

decision Viterbi decoder* As can be seen from the figure, at a bit 

-5 

error rate pf 10 , a 6 db coding gain results with coded ideal coherent 

PSK as compared with uncoded ideal coherent PSK. Figure 5-2 is a 
diagram of a rate 1/3, constraint length 7 convolutional encoder. 



Figure 5-2 K— 7, V — 3 Convolutional Encoder 





BIT ERROR PROBABILITY 
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IDEAL COHERENT 
PSK (UNCODED) 


IDEAL COHERENT 
PSK (CODED) 


E /N ENERGY PER BIT SINGLE-. 
b ° SIDED NOISE SPECTRAL 
DENSITY, DB 


Figure 5-1 - Simulation results for K = 7, V = 3 
convolutional encoding/ soft- decision Viterbi 
decoding 
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The modulo- 2 combiner forms a modulo- 2 combination of selected 


register stages to form each of the three commutator nodes.. 
This can be expressed as 


G. 

x 




(5-1) 


and 


C. = 


7 

E 

j-i 


g>J X. 

J 


MOD- 2 


(5-2) 


where is the contents of the jth shift register stage and gjj. is 
0 or 1 depending upon whether the jth stage contributes, modulo- 2, 
to the ith commutator pole* 

The operation of the encoder is as follows: The binary message 

may be much larger than the constraint length* The first bit of the 
message is switched into the shift register, whose other stages are 
logical zero, and a complete cycle of the commutator is made. The 
next bit of the sequence is switched into the register, the initial 
bit shifted to register stage two and another synchronous cycle of the 
commutator is made* Using the synchronous shift and cycle procedure 


the message sequence is encoded* At the end of the binary message 
seven zeros are attached, and when they are shifted into the register 
and accompanying code generated by the commutator, the shift register 
is in the all zero state once more. For an L - bit message , 


L = 3 (L+6 ) 
c 

bits from the coded message. ' 

Decoding may be accomplished by sequential or Viterbi algorithms* 
The sequential decoding method may be described as a tree searching 
procedure, the exact details depending upon which particular algorithm 
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is being used. The decoding procedure is best described by example, 
K = 7 is large for the purpose of an example, so a K — 4, V = 3 
example is given. 

The tree structure for a K = 4, V = 3 truncated code is shown 
in figure 5-4. The encoder for the code is. shown in figure 5-3. 



Figure 5-3 Encoder for tree structure of figure 5-4, K==4, V=3. 
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As an example assume the message 

X=(1011) (5-4) 

is to be transmitted. The encoder of figure 5-3 provides the coded 
message, 

Y=--(111»010j110,110). (5-5) 

Assuming the channel introduces, the noise 

N=(100, 101,000,010), (5-6) 

the received code is 

R=(011, 111, 110,100). (5-7) 

The sequential decoder will form the quantity 



where i represents the ith three bit sequence, w represents the 
weight function, and is called the Hamming distance. The decoder 
makes each decision at each mode of the code tree based on minimizing 
the Hamming distance. However the decisions are tentative, and if the 
decoder finds in successive steps that it has probably made a wrong 
bit decision it is able to backtrack and try another branch of the 
code tree. 

In the example, the decoded message would begin 

C - 11.. (5-9) 

the Initial decision for the second bit being made in error. Proceeding 
down the error branch however significantly large values of d^ are 
encountered. Backtracking and trying the 

0=10. . , (5-10) 

branch gives significantly smaller values of on successive steps. 
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The decoder algorithm is based on monitoring the statistical 
properties of the sum of d^ as the decoder proceeds into the code 
tree. If the sum of the terms approaches a buildup rate of 
then the decoder declares an error and backtracks to a new branch. 

Expected buildup of the sum for the correct branch is PV 
where P is the channel tr an si si on probability for the binary symmetric 
channel. The branch decision criteron is buildup somewhere between 
V/2 and PV. The decoder keeps track of the branches it has explored 
and avoids needless retracing of any branch. 
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(b) Command Pointing Controlled Phased Array Antenna 

The proposed phased array antenna for the HEAO-C-TDRS return link 
will be a command pointing type with pointing commands formulated and 
communicated from the ground. An example of a phased array airborne 
steerable antenna system that would be applicable for this application 
Was developed by Texas Instruments Incorporated for NASA under contract 
NAS8- 25847, The antenna is an 128-element spiral array and achieved 
the performance parameters listed below. 


Subsystem Performance Value 

Antenna (2282 MHz) 

Boresight gain (dB) 23.9 

60-degree scan gain (dB) 20.3 

Boresight axial ratio (dB) 0.3 

60- degree scan axial ratio (dB) 2.0 

Weight (pounds) 6.48 

Boresight sidelobe level (dB) 19.5 

60-degree scan sidelobe level (dB) 9.0 

Module 

Noise figure (dB) 6.0 

Receive gain (dB) 24 

Diplexer isolation (dB) 35 

Peak phase shifter phase error (degrees) 10 

RMS phase shifter phase error (degrees) 5.2 

Phase shifter amplitude error (dB) 0.5 

Phase linearity (degrees) 5 

Power output (dBW) 0.5 

Transmit gain (dB) 19.0 

Transmit efficiency (percent) 25 

Weight (pounds) 0.275 

Transmit Manifold (128-Element) 

' Peak phase error (degrees) +5.25 

Peak amplitude variation (dB) +3 . 6 

Peak output VSWR (Ratio:l) 1.65 

Loss (dB) 3.2 

Weight (pounds) 6.48 
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These performance parameters were used in the TDRS-HEAO-C power 
budget calculations. 

The block diagram of the HEAO-C communications system with error 
control coding and phased array antenna implementations is shown in 
figure 5-5. 

The TDRS-HEAO-C forward link is established on the low gain 
(near isotropic) antenna* Pointing control commands are coded and 
the return forward links are established with the phased array. 

The current HEAO-C, NON-TDRS communication system block diagram 
is shown in figure 5-6.. 




COMMAND SUBCARRIER 
^.TO COMMAND DECODER 





SPREAD SPECTRUM 
TRANSPONDER 



COMMANEp 


. — 

. 

“~i 

POINTING 


COMMAND 

COMMAND 

DRIVE 

----- 


DECODER 

(ANTENNA) 






BASE 

BAND 

ASSEMBLY 




TLM 

DATA 

TLM 

DATA 


FROM 

DATA 

HANDLING 


Figure 5-5 HEAO-C Communication System Block Diagram 


-ft. 







Antenna 



Figure 5-6 HEAO-C>NON - TDRS, COMMUNICATION 
SYSTEM BLOCK DIAGRAM 
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. 6. GOIH INTERFERENCE • 

This section describes the problem of code interference in a spread 
■spectrum receiver. The spread spectrum system uses a, wide-band modulating 
signal to provide the spectrum spreading, and the receiver performs a 
despreading operation. The spread -despread ..operation results in a sig- 
nal processing gain relative to correlated or coherent .interference such 
as multipath or jammer interference . . Code interference results when 
several spread spectrum systems share the same channel. This condition 
exists in the proposed TDRS -multiple ■ user communications configuration. 

The code interference problem is of concern during the two modes 
of spread-spectrum modem operation 

1. CCD’E AND CARRIER ACQUISITION 

2. ' CODE TRACKING- AND DATA REREADING 

The result of code interference during the two modes is manifested in 
different forms of systems performance degradation. During acquisition,, 
code interference results in increased false lock probability, and 
increased expected acquisition time. During tracking and data despreading, 
code interference results in data contrast -ratio, degradation and increased 
probability of lost code lock. 

For spread spectrum systems operating with small margins,- such as 
the proposed TDRS-USER configurations, the effect of code interference 
is an important consideration. 

Theapproach in the analysis of the code interference problem was 
to model the process in such a way that a. statistical moment analysis 
could be made. .Also, with a slightly different model, a computer .si mu 1 - 



57 


ation of the process was developed a.nd evaluated. 

Figure 6-1 is an overall diagram of a spread -spectrum receiver. 

The local PM sequence generator provides the signal that despreads 
PN®> CL&CA . Figure 6-2 is a PN sequence acquisition scheme. During 
both the tracking and acquisition modes, an interfering code input 
can be modeled as shown in figure 6-3. The filtering operation essentially 
forms the weighted surn of the last M bits of the local PN^ sequence con- 
volved with the interfering code PN . For the analysis it will be assumed 
that 

CI^ # CL. a (6-1) 

so that the two sequences slide past each other in the filter convolution 
operation. In the analysis codes A and B could be the same, in which 
case the code self noise would be evaluated. The first step in the 
analysis is to synthesize the code sliding operation. Figure 6-lj shows 
possible models for three bit codes .A and B. 





PN 

PN 



GENERATOR 



FIGURE 6-1 

5EAD SPECTRUM RECEIVER 








FIGURE 6-2 

FN ACQUISITION SYSTEM 
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A 1 

A 

2 

A 3 

A 1 

. 

A 2 

A 3 

A 1 

Csl 

< 

A 3 

B 1 

B 2 

B 3 

b l 

B 2 

V 

B 1 

B 2 

— 

B 3 

B 1 

- 

B 2 , 

i, 


MODEL 1 



■ MODEL 3 ■ 

Figure 6-4 Possible Code Models 

The first model represents the realistic situation, in most cases, 
where code A and code B have unequal hit intervals < CL A * c h ) • The 
unequal bit intervals of model 1 present problems in the analysis, so 
models 2 and 3 are constructed with equal bit intervals. In model 2, 
sequence, B skips one bit, on a rotating basis, for each Lg bits, where 
is the 13-sequence length. In model 3, sequence A "hangs-up^for an 
extra clock count on one particular bit during each bits, where 
is the A-sequence length. The particular "hang -up” bit occurs on a 
rotating basis. This is equivalent to a skipped clock count in the A 
generator for each L^-l clock counts. Models 2 and 3 approximate the 

situation here CL, 4 1 CL__ . 

A B 

The analysis is to be based on Model 3. 

Another relevant model, the one used 
in the computer simulation in the program CO SI F, is to consider the 
code phase states represented in vector .form as shown for the three 
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bit sequence in figure 6-5 . 



> a 1 a 2 a 3 




A o A l A 



A 2 A 3 A 1 

B 1 B 2 B 3 





AiA„A-3 

B 3 B 1 B 2 


„3 A i A 2 

b^b^b 2 



A 2 A 3 A i 

b 3 b i b 2 





Figure 6-5 

The time dependence of the' model is represented as a trajectory 
through the matrix, indicated by the horizontal and diagonal line seg- 
ments. The diagonal line segments represent a variation in this normal 

sequence of phase states caused by a droppedclock bit in generation A. 

/ 

The forms of the filter output is slightly different for the two 
approaches used in the analysis and the computer simulation COSIF. 

This is illustrated by the sequence of filter -outputs shown in figure 6-6 
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MODEL 3 


COSIF MODEL 




A 2 A 3 
B 3 B X 


A 1 A 2 


B„ B 


3 


A 1 A 1 


FIGURE 6-6 


A 2 A 3 
B. 


A 1 A 2 

B 2 B 3 
A 1 A 2 


B 1 B 2 

Notice the above there ore three bit differences in the two models 


B 1 B 2 


In general there would beL f hit differences in L^L^ phase combinations* 
Ppr large L B this difference is minimal . The approximation of reality 
in each case is based on the fact that on the average CL A # CL B even 
though they are equal for certain segments of the sequence. Therefore 
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model 3 and the COSIF model approximate the realistic model 1. 

In order to study the code interference properties of maximum length 
codes, hybrid sum codes, and Gold codes, the code generators are assumed 
to be structured as sho-wn in figure- 6-6, Code generator A is formed as 



(6-2) 


where k a sub generators form generator A. Likewise, code generator B is 
formed as 


B, = ir X ,y 
1 Y=^A +1 


where 


k = k A + k B 


(6-3) 

(6-4) 


The statistical moments of the code cross correlation (interference) 

function can be expressed as 

L-l/M-1 k P 

S p .*=7 z f I TT X Y 

i=o\j= : oY=l ^ 9 ) (t-5) 

where 


l = l a l * 3 b . 

is guaranteed by the condition 


( 6 - 6 ) 


gl a * CI^ 


N ow using model 3, it will be assumed that over the course of L phase 
states, generator A drops Lg clock bits. Therefore sequence A is a 
modified form of the sequence formed from the same sub -gene raters, but 
with no dropped clock bits. One important characteristic of model 

3 should be noted, that is, every possible single bit phase combination 
A and B are cycled over L. 
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Evaluation of 6-5 for P*1 yields 


1 - I z ^ A x i+j ,rYr * x i+j)7 \ 

L j=o\ .i=o f= 1 y\ i=o ? -k A +l / 


. Lb- 1 k 


Mow 


V 1 

z 

i=5Q 


tt 

r=l 


^i+jY 


k A 1 -1 

A Y 

TT Z 

7—1 i=o 


L i+j/ 


= (-D 


if code A is hybrid or maximum length. Otherwise 


V 1 ' k A 

v X. , . = A »A 

Z tt id-jy o 1 

i=o y — 1 


where Ao is the number of zeroes in the A-sequence., and is 
of ones in the A-sequence. Similar equations exist for the B- 
Mow define^ the (quantity k , 


H = Z 
A 


A ‘ "A 

Z 

i=o Y=1 


TT X. , . = 

1+jY 


(-1) HYBRID OR ML CODES 

[V A l] GOLD CODES 


and 


1 M 

S = L Vb 


The second moment can be expressed, as 



M-2 

Z 

j=° 


M-l 1^1 k 

Z Z TT X X 

c-j+1 i=o Y=1 i+j,Y i+9r 


( 6 - 8 ) 


(6-9) 


( 6 - 10 ) 

the number 
•sequence. 

(6 - 11 ) 


( 6 - 12 ) 


(6-13) 
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or 


9 M-2 M- 1 L-l 

= M + “ E E E ai-HL cti-K bi+i bi-K 

L j=o X, =j+l i=o 


(6-14) 


Now first consider the case of F or HS sequences 
If C* j+1 


L-l 

E oti+j ai+£ bi+j bi+£ 
i=o 


V 1 

= E 
i=o 



x i+ zy 


V 1 

E 

i=o 


V 1 

T ■ X 1 M? 
y =1 


(6-15) 


If C=j+1 

1^1 

^ ai+j ai+£ bi+j bi+j 
i=o 

. V 1 k A V 1 

2 2 Xi ,z ’ 7 2 X ’ :+Z * 7 + H ^ L a 

i=o T =1 i=o 


> 

The second moment for the case "Becomes 

S 2 = M +-i (M 2 -2M + 4) H a H b + Y (H)(H a Hj + (L A -H A ) ) 


(6-16) 


(6-17) 


Notice from equation 6-17, for hybrid and maximum length codes, the 
second moment is independent of particular codes, but only depends on 


M, k A , k B and L A , and L £ . 

For the case of codes other than ML of. HS equation (6-15)) become: 


for C ^ j+1 
L-l 


V 1 


V 1 V 1 


®i+j °i+ bi+j bi+< = ~| T X i+fl^7 [ i X i+a 7 


1=0 


i=o 7=1 


i — o 7 — 1 


(6-18) 
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where it is assumed that code B is the Gold sequence. The -x indicates 
that code B will be modified as a result of the operation bits to 

a code form from the same family as B. Equation (6-15 1 ) becomes 

S 2 = M+“ (M 2 -2tt+4) H a H^ +| (M-1)(H a H* + (6-19) 

H-x- might be any Hb from the family of codes of which B is a member. 

D 

For the case in which code A and code B are both Gold sequences, and 
for the case f £ j+1 


L-l 


V “i+j “i+r bi+j bi+f- H*Hg 


i=o 


Equation (19) becomes 

o 17 * * 9 * * * 

M + - (M -2ttfA)H A Hg 4- - (M-l)(H A H^ + (L^)) 


The third moment can be expressed 
L-l _ M-l k ^3 


s 3 = 


TT x . , . " 

L . . , l+j, 

i=° l y =i 


L-l 


M-l 


= t £ (3m- 2) E TT 


i — o 


j=o 7=1 1+ j* 


L-l M-3 M-2 M-l k 

= {E 3i E E E TT x 1+jj x 1+v> X i+ 

i=o j — o V=j+1 f=V+l. 7 —1 


( 6 - 20 ) 


(6-21) 


( 6 - 22 ) 


or 
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S = 


+ 



M-l 

L-l 

k 



^2 

E 

j=° 

E 

i=t> 

n 

r=l 

X, . . 
i+Jj 

,r 

M-3 

M-2 


M-l 

L-l 

k 

£ 

V 

i 

§ 

£ 

£ 

n 

j=° 

v=j 


f=v+l 

i=o 

r=i 


X.. x..„„ 

-j,7 i+v,7 i+f,7 


(6-23) 


Now the consider the case of ML or HS sequence. If V ^ j+1 
and V+l 


L-l 

^ ] ^i+j a i+v a I+f bi+j bi+v bi+f 
i=o 


L-l 

S 


“i+j a i +<i> bi+j bi+0 


Now if 4> + j, e £ j> <t>i= j+1, 9£ j+1 


(6-24) 


L— 1 

S a -j-L4 a 


i+j a i+<l> bi+j bi+O = 


(6-25) 


l=o 


If j, e £j+lf or a particular 7 6^ j, fl=£ j+1 for all others 


L-l 


£ “i+j “i+*b. + . b t+ -H A L (-1) 


% 


-1 


1=0 


If <J>= j 

j 

j+1 


(6-26 ) 


c for a particular 7 6 i= j 

for all. other 0=^ j+1 



69 


L-l 


I ci i+j ai+4> bi+j bi+ft 
i=o 




k..-l 

A 


(6-27) 


If 4» = j+1 

$ = j 
4>¥= j+1 


for a particular 

for all other ® ^j 

« H+l 


L-l 


y^i+j °i + * bi+j bi+ e = h a h b + (l -h a ) 

i=o - 


(6-28) 


Now if 

v + j+i, r = v+i 

and 

8 j j 

6 =/= j+1 j+1 

We get 

L— 1 

^ ^ a i+j a i+0 bi+j bi+^ = ^H-g + 1 

i=o (6-29) 

where 



depending on the particular sequence* 
For 

0i= j j for a particular j 

* * j+1 ft 3 I 

i . in ffor all other i 

i* j+i) 


we get 
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2 


k B"l 

a i+j a i +0 bi+j bi+<£ = H^L^ (- 1 ) + I 


i=o 


for 


*+ j 
8 4 1 j +1 


^ — j +1 

j 

♦ ^ j +1 


For a particular 
for all other 


We get 

L-l 

“i+j “i+0 bi+j bi+<*> = H^H^+ 1 

i=o 

for 

0= j for a particular 7 

j 

0 ^ j for all other 
We get 

L-l 

k - 1 

“i+j “i+e bi+j bi+<j> -= l (-1) Hg+I 

1=0 



j 

07^ j +1 



9= j+1 for a particular 
9 7 ^ j for all 
0 7 ^ j+1 other 7 

We get 


<t>=£ j 
4 > =£ j +1 


L-l 


^ ^ g i+j a i +6 bi+j bi+<£ — + (H^-L ) + 1 

i=o 


If 

V = j +1 and { ^V+l 


( 6 - 30 ) 


( 6 - 31 ) 


(6-32) 


( 6 - 33 ) 
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We get results similar to the case 


V = j+1 V+l 

except that I should be replaced with F where 


q depending on the 
^ particular sequence 


Now an expression for the third moment can be formulated from the 
cases tabulated. The third moment is 


3 3M-2 

s = V M Vb 


3J 


k B k A 


if- («-3 )cm- 2) - BB t: Z) 


BA, 


k B k A 


•Z} Br ■£ * Ay 1 v. 

T J 


kfi-1 


+ H a L 7 (-1) + y^BAyH B L T (-l) 


V 1 


+ 2 < H A H B± ( V H B > + £ ®V H A H B 


k B k A k B k A 


♦ [ 2 (M-3 ) (M~ 1 )- 2 D>B Y '2 £ B V 2 Z ®V 2 Z BA f ] 


t»A H B ± I] 
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+ 2 BB 7 (H A L T (-l) k B _1 + I) + 2 ^ BA Y (HgL (-1) “ + I) 


V 1 


k k. 

B A 


+2 y>V (h a h b ) + (Il B -I. Y + I) + 2^ ba 7 ((h a h b ) + (H A -l 7 )+i) 
j i 


k B k A k B 


+ [(M-3) - 23 BBr S BA 7‘ 2 


* 

BB 


-^BArlH^g+F] 


k -1 


k -1 


+ 2j 3 V h aV' 1) B ± F) + ^ba 7 (h b i. y (-D a +f) 


S M (H aV + < H B- L 'f ) ^ ) 


+ £b*c«h a V + («A-Vi F) 


(6-34) 


where 

BA y i Number of characteristic trinomials of j, code A. 

BB y : Number of characteristic trinomials of j, code B. 

[Characteristic trinomials power less than or equal to M-l] 

* 

BAy : Number of trinomials containing characteristic of order 

M-2j code A. 

Vr 

BBy : Number of trinomials containing characteristic of order 

M- 2, code B. 
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The expression for third moment in 6-34 is involved; however 

it can be observed that deviation of the third movement from that expected 

* * 

with a random sequence depends on BB-y> BAj, and B Ay, and B By,- 
the terms reflecting the number of trinomials that contain the 7th 
sequence characteristic equation. Therefore minimizing S involves 
minimizing these factors. 
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7 « Code Interference Program 

Code interference presents a special problem in spread spectrum 
transponder design. Code interference is of two types: 

(1) Code cross interference 

(2) Code self interference 

Code interference is important because transponder performance 
is evaluated based upon an assumption of random noise and interference. 
Auto and cross correlation of pseudo random codes used in spread 
spectrum transponders can be significantly larger than those expected 
with true random codes. For this reason a computer program designed 
to evaluate code interference was developed. 

The program basically evaluates the statistical properties of 
the code interference signal at point A of the simplified code tracking 
loop of figure 7-1. 



Figure 7-1 Code Interference at Input of Code Tracking Loop 
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The filter has a M-chip impulse response, code generator # 1 is 
of length Ll and code generator # 2 is of length L2. Figure 7-2 shows 
/ schematically the relation of Ll, L2, and M* 



M 


Figure 7-2 Relationship of Ll, L2, and M 

There are Ll L2 possible M- tuples generated at point A. The 
following flow diagram describer an algorithm designed to calculate 
the statistical properties of the error signal at A. Code generators 
in the spread spectrum modulaton 1 and 2 may be ML, HS, or Gold codes* 
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Read Set 1 
Polynomials 


Calculate Set 1 
Code Length 


Read Set 1 
Polynomials 


Calculate Set 2 
Code length 


Initialize 
Code Set 1 


Initialize 
Code Set 2 



READ 
1IN, MFI 



E ■ 

DO 

M=MIN, 

MFI, MSI 

l 

GPH1=0 


MIN: Minimum Window 
MFI : Maximum Window 
MST: Window Step 


CALL RPCC 
|(NPOLl, LST1 , 
LI, IA1, N0R1, 
GPH1) 


CALL CALSL 
(NPOL 1, LST 1 
LI, LT1) 


GPH2=0 


CALL RPCC 
(NPOL2, LST2, 

L2, IA2, N0R2,, 
GPH2) 


Initialize Gold Phase 1 to ,, 0 M 


NP0L1 - # of component codes 
LST 1 - Code classification 
LI - Code length array 
NORl - Code order array 
GPH1 - Gold Phase 


LT1 - Total code length, code set No* \ 


Initialize gold phase 2 to VO" 


See definitions above 


CALL CALSL 
(NPOL2, LST2, 
. L2 , LT2) 


S=0 


CALL INTGE 
(NPOL1, LST1 , 
LI, LT1 , IA1 , 

%pk. M rf ? R1 


LT2 - Total code length, code set No# 2 

LT1#LT.LT2 - Otherwise error 
S - Shift, code 1 


MW1 - M - Window Array {INTIAL) 
from Gen, 


S=S+1 


CALL INTGE 
(NPOL2, LST 2, L2 
LT2, IA2, MW2 , 
M 0R2, GPH2, 


Increment shift, code 1 


MW 2 - M - Window array 
from Gen #2 
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SH - Shift Code 2 


WT - Window Correlation Weight 


Increment Shift* Code 2 

Code 1 
Code 2 


DIMEN SIOM 

LI (5), IA1 (26 ,5) * NOR1 (5) 
L2 ( 5 ) * IA2 (26,5) , NOR2(5) 
MW1 (500,5) , MW2 (500 ,5) 

NWl (500) , NW2 (500) 









RPCC 


READ 

NPOL 


/read number 

OF POLY- 
NOMIALS 


/read I A / READ 
/(J,K) J=/ EACH 
1,16... / CODE 


SUBROUTINE RPCC (NPOL,LST,L,IA, 
NOR, GPH) 

NPOL # OF POSSIBLE CODES 
LST - CODE CLASSIFICATION 
L - CODE LENGTH ARRAY 
I A - CODE ARRAY 
NOR - CODE ORDER ARRAY 
GPA - GOLD PHASE 


DETECT ORDER OF EACH 
OF NPOL CODES 


EXAMPLE: 


123A567 8910111213141516 
1001001100 000000 
(7, 6,3,0) 



NTEST = I A 

(NORD, K) 


..." IF > 

NTEST- EQ-1 


J = J + 1 


NOR (K) = 
NORD- 1 


IF 'x 


F . J-GT-16 \ 
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ML 

SEQUENCE 


DIMENSION 

L(S),IA(26,5),NOR(5) 














INTGE 


81 
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RANGE J 

FROM NOR(X) + 1 TO M 


MMM=NOR(l)+l 
. - K 

MM=tlMM- 2 

23 

STATE (MMM,I ) ] 
= STATE (MM,l)j 

— : $ 

STATE (1,1) = . 


NTEMP 


GENERATE 

NTEMP 


SET STAGE 1 


(V 
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JSL = J - 1 


MW(JSOP,I) - MW(JJSOP,I) 


i 1 CONTINUE 






INTGE 

CONTD 
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GENERATE NW ARRAY 
NPOL 

NW(J) = MW(J,I) 

1=1 


IF M NOR(I) 

MW GENERATED TO NOR(I) 
NW GENERATED TO M 


RETURN 







INGOL 
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SUBROUTINE INGOL (NOR, GPH, STATE, 

IA) 


SET BOTH REGISTERS 
TO THE ALL "l" STATE 


SHIFT PHASE 6F SECOND 
REGISTER GPH 


CALCULATE NTEMP 


Examp 1 e 

J = 1 
JJ = 2 

(7,6,3, 0) 
1234567 89 ... 
IA 1001. 00110... 
/////// 

STATE 111111 






(This page intentionally blank) 




I 

I 


EXAMPLE 
NOR ( 2 )=7 
MM2 =6 

J=1 

MMM=7 

MP£=6 

STATE (7,2 )=ST ATE (6,2) 
J=2 

MMM=6 1 

MM=5 I 

STATE ( 6,2 )=STATE ( 5 , 2 )i 


• I 

J=6 

MMM=2 1 

MM=1 | 

STATE(2,2)=STATE(1,2) 


I 


PRECEDING PAGE BLANK NOT FILMED 
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INMH 

SUBROUTINE INMH 
(NPOL, NOR, STATE) 



DIMENSION 
NOR (5) 

STATE (25,5) 
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SHIFT 


r 

i 




DO 

- 1=1 , NPOL 

l ~tz 

1 : 

| NTEMP = 1 
j KATl = NOR (I) 




DO 

K = 1, KATl - 



KK = K+l 


HZ 


SUBROUTINE SHIFT 

(NPOL , LST , I A, MW, NW, NOR , M ) 

DO OVER NUMBER 
OF POLYNOMIALS 


NTEMP: HEW INPUT BIT 


GENERATE 
NEW 
INPUT 
BIT 

NTEMP = -1 


EXAMPLE 
<7,6,3, 0) 
12345678910111213 
IA 10010011000000000 
/////// 

MW -1-1-1 1-1- 1-1 


NTEMP 
NTEMP* 
MW(K,I )* 
IA(KK ,I) 


IA: CODE ARRAY 

MW: M- TUPLE CONTENT ARRAY 

FOR INDIVIDUAL CODE 


| MM2 = M -1 



K — 1, MM2 


JT- 

MMM=M+1-K 
MM = MMM - 1 


MW(MMM,I) = 
MW(MM,I) 

MW(1, I ) = 
NTEMP 

~~ 20 

CONTINUE 


SHIFT ENTIRE MW ARRAY 


EXAMPLE 
M = 500 
MM2 = 499 
K = 1 
MMM = 500 
MM = 499 

MW(500,I)=MW(499,I) 
K = 2 
MMM = 499 
MM = 498 

MW(499,I)=MW(498,I) 


LOAD NTEMP INTO 1st STAGE 


K = 499 
MMM = 2 
MM = 1 

MW(2, 1) = MW(1,I) 




SHIFT CONTD 


90 


© 


DO 

J = 1 jM 

> 


NW(J) 

. 

= 1 

■ 

\ 



DO, 

I = 1,NP0L 


_ V 

I NW(j) = 

J NW(J)*MW(J,I) 


• ; 

i L 1 


v 


CONTINUE 


RETURN 


GENERATE NW ARRAY FOR GENERATOR AS 
MOD - 2 SUM OF MW ARRAYS OF 
INDIVIDUAL COMPONENT. CODES 

NPOL 

NW(j) = £ MW(J*l) 

k=l 





WTGH 
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SUBROUTINE WTGH 
(M, MW1 , MW2 , WT, S, SH ) 

M- tuple length 
MW1 - GEN. # 1 WEIGHT ARRAY 
(SAME AS NW1 IN MAIN) 

MW2 - GEN . # 2 WEIGHT ARRAY 
(SAME AS NW2 IN MAIN) 

WT - WEIGHT 
S - PHASE SHIFT 1 
SH - PHASE SHIFT 2 



DIMENSION 
MW1(500), MW2 (500) 
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8. Generation of High-Speed Maximum Length Dig ital Sequences 

This section is the result of a study of sampled maximum length 
digital sequences. The purpose of the study was to establish the 
mathematical basis for the design of a high speed digital PSEUDORANDOM 
SEQUENCE GENERATOR FOR USE IN THE HEAO-C SPREAD SPECTRUM TRANSPONDER* 
The proposed procedure for generating the High speed ML sequence in- 
volves sampling several slower speed ML generations. Figure 8-1 
illustrates the sequence generator. 



ML GENERATOR # K 



OUTPUT DATA STREAM 


Figure 8-1 HIGH SPEED SEQUENCE GENERATOR 

If there are K ML generators forming the sequence generator where 
K— 2 , ■$> an integer, then the commutation rate should be K times the 
clock rate of ML generators. Each generator is sampled once during 
a clock interval, and the output data stream would consist of K 
digits during the clock- interval . The advantage of this configuration 
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RECEIVED 

STREAM 


is that a higher speed digital bit stream can be generated with ML 
sequence generators operating with a clock-frequency that is only a 
fraction of the data-rate. 

Specifically, if the data-rate is F g bits/sec, the required clock- 

rate is F /K . For example, if it is desired to operate with a 
B 

data rate of 40x 10^ Bits/sec, and assuming K=4 (four ML generators) 
then the generator clock rates would be 10 MHZ. This allows the use 
of less-expensive, more-reliable digital components from lower speed 
logic families. The only component required to operate at the 40 MHZ 
rate is the commutating switch. 

Figure 8-2 shows the error checking portion of the overall system. 



Figure 8-2. Digital Error Checking at Receiver 


As in the case of the sequence generator, the error checking 
sub-system operates on a sampling basis. If N=2^, q an integer, and 
if the received data stream is a maximum- length digital sequence, 
then sampling the data stream with a commutator operating at the rate 
of the incoming data stream yields a shifted version of the same ML 
sequence to each error check block. In this way the error check 
digital circuit is required to operate with a clock rate that is 
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only Fg/N HZ. With this procedure, the same advantages mentioned for 
the sequence generator apply for the error check section. In the 
system design N is not necessarily equal to K. 

Figure 8-3 shows the overall arrangement for digital communi- 
cations system evaluation. 



Figure 8-3. Overall Test- Configuration 


Two important considerations involving the system shown in figure 
8-3 are the phasing of the maximum length sequence generators shown in 
figure 1 to provide the desired output data stream, and the design of 
the sequence error check blocks shown in figure 8- 2. This section deals 
with the phasing problems. 

Sequence Generator Phasing 

The phasing problem can be stated: "what initial phasing of the K 
ML- generators shown in figure8-lare required to provide the ML-sequence 
in the output data stream when the sampling procedure is used." The 
rule with K ML-gener ators for phasing the ith generator relative to the 
first generator is 

1. Advance by (i-1) (L*fl)/K bits 

or 

2. Delay be (i-1) (L-1)/Kbits 

The rationale for the above choice of phase relation is as follows: 

1. Sampling a ML sequence provides a shifted version of the 
same sequence if the sampling rate is an integer power of two. 
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2. Consider the synthesized sequence as being reconstructed 
from K, K-sampled versions of itself# 

3# Consecutive digits in a ML sequence must be separated by 
sampled sequence. 

4. Arranging K- Sequences each advanced by (L+l)/K bits 

relative to its adjacent sequence, and sampling from each as shown 
in figure 1, must yield the same ML sequence. 

As an example consider the ML sequence abcdef g. Sampling every 
other bit yields acegbdf which must be a shifted version of the same 
sequence. Advancing this sequencing by (L-4-l)/K = 8/2 = 4 bits 

yields bdfaceg. Synthesizing by sampling in- turn from the two 
sequence yields abcdef abcdef , which is the original ML sequence 
repeated twice. 

As a practical illustration consider the ML sequence generator 
with the charact eristic polynomial 

g (a) = l + a + a 3 < 8-1 ) 

The sequence generated by this ML generator is S(a), where 


1 

G(a) 



(8-2) 


and where 

N 

L = 2 - 1 (8-3) 

for an N-stage shift- register generator. For the generator in question 

O / 

' s(a) = l + a + a + a (8-4) 

* 

which represents the sequence 1110100. Forming S $0 by advancing the 
phase by 


(L+l )/K = 4 for K — 2 

* 

and sampling in turn from S(a) and S (a) yields 


(8-5) 
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SEQUENCE: 1110100 

SEQUENCE ! 11101001110100 

Advanced 

BK 4 BITS: 1001110 


as expected. Performing the similar analysis for K — 4 yields 


1110100 I 

1010011 f 

1001110 [ 1110100111010011101001110100 . 
0111010 1 


The output for the sampling generator is 


s 2 («) + a (S(a 1 2 - SS(S) MOD 2L (8-6) 

For K=2 
or 

SS(«) = S 2 (g)(l*fg L ) * . MOD 2L (8-7) 


The sequence can also be expressed as 

SS(a) = (1+B L ) 3 /(G 2 (3)) MOD 2L (8-8) 

In general, for K component generators 


K 


ss(a) = £ « i-1 s K (a)a < ' i '“ 1 ' >< ' L “ 1) 

i— 1 


(8-9) 


or 


K 


ss(«) = y v 
G(a) 


g (1 - 1> La-8 L ) K 


MOD 2L (8-10) 


The synthesized sequence can be expressed as a shifted version of 
the original ML sequences, 


ss( 3 ) = 3 x (i+a L ) s (a) 

for the case K~2, or in general, 

K 

ss(«) = « x s(a)^^^jf i “ 1 ^ L 


MOD 2L (8-11) 


MOD 2L 


( 8 - 12 ) 
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or 




1— J 


MOD KL, 


Equating (8-9) and (8-12) yields 
K ' K 

= s x s(a) 






MOD KL, 


or 


s K (a)V a (i ~ 1)L + z x s(a) = o 


i=j 


MOD KL. 


For the case 'K=2 this reduces to 


s 2 (a)(i+a L ) + a x s(a)(i4a L ) = o 


MOD 2L 


Simplification of (8-15) yields 

S^”*^(3) + 3 X = 0 MOD KL, 

which must be satisfied by the sequence* 

If equations (8-17) describes the sequence generated by S(a) 

G(a) | (s K-1 (a) + a K ) mod kl. 


Now 


s^ca) 4- a x (i-fa L ) K “ 1 + g x G K " 1 (a) 


G(a) 


G K (a) 


MOD KL, 


or 


c K (a) | C(i +0 K ~ L + a x G K-l (a)) 

For the example: 


G(z ) = 1 4- z+z 


and 


K = 2 
yields 


MOD KL. 


(8-13) 

(8-14) 

(8-15) 

(8-16) 

(8-17) 

then 

(8-18) 

(8-19) 

( 8 - 20 ) 

( 8 - 21 ) 


X = 0 


( 8 - 22 ) 
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and 

g+z L ) K-1 + z x g k-1 (z) = z + z 3 +z 7 g 

G K (Z) l+z 2 +z 6 MOD 14. (8-23) 

A similar example for 

G(Z ) = 1 + Z 2 + Z 3 
where 

2 3 4 

s(z) = i+ a+z+« 

represents the sequence 1011100. 

A sampling arrangement for K=2, requires a delay — (L-l)/2=3, 
shown below 

1001011 | 11001011100101 

ob serve for this case X=4, 

and 

q+z 1, ) K ' 1 -f^ x G K ~ 1 (z) = i + z 4 + z 6 = L 

G K (Z) 1 + z 4 + z 6 MOD 14. (8-24) 

An algorithm to calculate X is as follows: 

1. Starting with the all zero (N-l) - tube generate the 
sequence, S(z), with the characteristics equation G(z). 

2. Generate S^(S) From S(Z) Or G (Z) • 

3. Find X such that .:(1+Z L ) K “ 1 + Z X G K "' 1 (a) forms a recursive 
relation that holds over the all zero 2(N-1) - tuple of 
S K (z). 

Sample calculations are shown below For K=2. 

Sample 1: 

G(S) = 1 + 2 2 + Z 3 (8-25) 

00101110010111 

U— 1 

00 00 10 00 10 10 10 00 00 10 00 10 10 10 

U ! 

1 + g 7 + z 4 (l-hg 2 +« 3 ) = 1 + « 4 -« 6 == g 2 (z) 



( 8 - 26 ) 
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Sample 2 

G(a) = 1 + Z + Z 3 (8-27) 

0 0 1 1 1 0 1 0 0 1 1 1 0 1 
I— 

00 00 10 1010001000001010100010 

L- - 4-" 

1 + Z 7 + 2° (1+Z+g 3 ) = a(l+Z 2 +Z 6 ) = ZG 2 (z) (8-28) 

A similar problem involves the phase of the sequence resulting 
from sampling a sequence at a rate 

r = 2 8 (8-29) 

with g an interger. For example, 

G(2) = 1 + 2 2 +Z 3 (8-30) 

yields the sequence 

1011100 . 

Sampling this sequence with r— 2 yields 
1110010 

5 

which is a phase shift corresponding to Z . 

As another example 

G(Z) = 1 + Z + Z 3 (8-31) 

yields the sequence 

1110100. 

Sampling the sequence with r=2 yields 
1110100 

which is a phase shift corresponding to 2°. 

A procedure for determining the phase shift can be found if an 
expression of the form S(2) can be found for the sequence formed 
as a result of sampling, and 

f (Z) = Z X S(Z) MOD L. (8-32) 

If an ML sequence is sampled at a rate of 



100 


r=2 (8-33) 

then an adjacent bit will be sampled (^-) bits after the 
sampled bit in the sequence formed from sampling. Extending this 
analysis, a sampled sequence can be expressed as 


' L-l 

2 


E(z) = yy(3 2i s(a$ L+i)/2 > 


1=0 


L+l 

MOD 2 (8-34) 


or alternately 


L-l 

2 


f(g) = 2 1 (g L “ 21 S(g> 2 ) 

i=o 


L+l 


/L±L) L 

MOD V 2 


(8-35) 


For example, the sequence with characteristic equation 


G(g) = 1+Z 2 +Z 3 


(8-36) 


and 


S (g) = 1 + g 2 + g 3 + zV 1011100 


(8-37) 


with 


S 4 (g) = 1 + g 8 + g 12 + g 16 


MOD 28 


(8-38) 


g 1 (g 5 ) 4 s 4 (g) = g + g 5 +g 9 +g 21 


MOD 28 


(8-39) 


gV) 4 s 4 (g) = gW 4 ^ 22 ^ 28 


MOD 28 


(8-40) 


and 


g 3 (g) 4 s 4 (g) = g 7 +g 15 +g 19 +g 23 

yields from equation (30) 


MOD 28 


(8-41) 


f(g) = l+g+g 2 -fg 5 +g 7 +Z 8 +g 9 4« 12 +g 14 +g 15 +g 16 +Z 19 +g 21 

+ 2 22 +g 23 +g 28 


(8-42) 


MOD 28 



101 


or 

1110010111001011100101110010. 


Reference Sequences: 




1011100 '=* « 7 s(«) 1110010= 

Z 5 S(Z) 1001011 

= « 3 s(«) oioino=«s(g: 

Sum Sequence: 




1000000010001000100000000000 

= [Z 7 S(Z>] 4 

MOD 

28 

010001000100000000000100 0000 

= [Z 5 S(Z)] 4 

MOD 

28 

0010000000000010000000100010 

= [g 3 S(2)] 4 

MOD 

28 

0000000100000001000100010000 

=■ [ZS(Z)] 4 

MOD 

28 

1 110010111001011100101110010 

- f («) 

MOD 

28 ' 


Table 8-1. Formation of synthesized sequence For the Case 
? 2 

G(Z) = 1 + Z +Z 

The table above also illustrates the result of -equation (8-30) ^ 
Now from equation (8-37). 



(8-43) 


(8- 44) 


,(8-45) 





102 


Also ’ L-i wi 

L-l 

[S(a)] 2 2 z 1 ^ 21 ] 2 

, 2 x 2 

+ z 

i=o 

i=o 


G(Z) 


L-l 


L-l 


[1+Z L ] 


L 

y^2 1 [gL-2 5 


u-l 

2 


L-l 

x~,„^XT y „iL /[G(Z)] (L+1)/2 


1=0 


+ Z G (Z) 7 Z 
l=o 


L 


(8-46) 


For example if 


G(Z) = l+Z+Z' 


(8-47) 


S(Z) = 1+Z : 110 (8-48) 

L — 3 (8-49) 

and 

X = 2 : 101 (8-50) 

for 

r = 2 (8-51) 

Evaluating the terms in (8-41) yields: 

L-l 

L 2 3 

(143 ) = 1 + Z (8-52) 


2L (8-53) 


(8-54) 

(8-55) 


L-l 


L-fl 


2 = ^ 1 [g 3 ~ 21 ] 2 = 1 + Z 3 hod 


1=0 


i=cT 


L-l 

[G(Z)] 2 = G(Z) = l + Z + Z 3 


L±1 

[g(Z)] 2 = [G(Z)] 2 = 1 + Z 2 + Z 4 


Equation (8-46) becomes 
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g-«3 (i+z 3 ) + z 2 g+z+z 7 )(i-fg 3 > = q-re 3 )g+z 2 ->e 4 ) = 1+ ^3 


l+g2+g4 


2 4 

1+Z +2 


(8-56) 


Notice that MOD (L+l ) L, or MOD .6, arithmetic was not used in 

2 

(8-56). 


As a second example, if 
G(Z) = 1 + Z 2 + 2 3 

s(a) =* 1. + a 2 .+ a 3 + « 4 : 1011100 


L = 7 


(8-57) 

(8-58) 

(8-59) 


and 


X = 5 


(8-60) 


Corresponding to the sequence 1110010 formed by sampling. 


Evaluating the terms in (8-41) 

L-l 

(1+Z L ) = (1+Z 7 ) 3 = 1 + J + 2 14 + Z 21 


(8-61) 


L-l 

2 


L+l 3 


^ ^ g 1 ' (Z 1 " 21 ) = 2 1 (g 7 " 21 


-2i } 4 


1=0 


= i+z 7 +g 14 +z 21 


(8-62) 


L-l 

(G(Z) ) = (l+Z 2 +g 3 ) 3 = l+Z 2 +Z 3 +g 4 +Z ? +Z 8 +Z 9 


(8-63) 


L-l 


E ‘ lL E »” 




i=o 


(8-64) 
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and 


L+l 

[G(2>] 2 = (l-hg 2 +g 3 ) 4 = 1+Z 8 +Z 12 


(8-65) 


Equation (41 ) becomes 

d-« 7 -te 14 +z 21 )q-te 7 -re I4 -« 21 )+z 5 a-^ 2 -« 3 +z 4 -« 7 +g 8 +g 9 ) q+z 7 -hz 14 +e 21 ) 

i+z 8 +z 12 


g+g 7 +e 14 +z 21 )g+z 3 +z 8 +8 9 +z 12 +z 13 +z 21 ) = (i+z 7 +z 14 +z 21 ) * 


WW 2 


5 Q 

( 1+2 +2 ) 


( 8 - 66 ) 


Notice for these two examples, (8-46) reduces to finding X such that 

L-l L-l 

q +2 L ) 2 + z x (g(z )) 2 

. L+l 


[G(a>] * 

is a rational fraction. 

As another example, consider 
G(2) = 1+2 +2 3 
S(2) = l+2+2 2 +Z 4 : 1110100 
L = 7 


and 


X = 0 

Corresponding to the sequence 110100 formed by sampling* 

Evaluating the terms in (46) 

L-l 

9 83 2567 9 

[G(2)] Z = (1+2+2 ) = 1+2+2 +2 +2+2+2 

L+l 

2 4 12 

(G(2) =1+2+2 


and 


Equation (46) becomes 

7, 14,. 21 W1 . „7 . „14 21 , „x 


2 , „5 , „6 , „7 , „9 


a + 2 7 +2 +2 ) Q +2 +2 +2 + 2 Xl + 2+2 +2 +2 +2 +2 ) 

4 19 

( 1+2 +2 ) 


(8-67) 


( 8 - 68 ) 

(8-69) 

(8-70) 

(8-71) 


(8-72) 

(8-73) 


(8-74) 
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Now if X=0 this becomes 


(14^ 7 +Z 14 +g 21 )(a)(l+g-bZ 4 -bZ 5 -Hg 8 ~HZ 13 +Z 20 )_ 

i+z 4 +g 12 


( 1+Z 7 4« 1 4 +Z 2 1 ) ( g ) ( 1+Z+Z 8 ) 


(8-75) 


The algorithm for finding the shift X for a sampling rate S=2 
(corresponding to sampling every other bit) is to find an integer X 

such that T . ... 

Lr* M l 1 

(1+Z L ) 2 + g* (G(g) ) 2 
L+l 

(G(Z) ) 2 
is rational . 

Now for the general case 
S=2 9 

9an integer, 

the generalization of (43) becomes 
L+l 


- 1 


L+l 

3 


L+l 


2 ^ S i [s L “ Sl (S(g)] 3 = g x s(g) g lL 


1=0 

For example with 
G(g) = 1+Z 2 +Z 3 


and 


2 3 4 

S(2) = l+Z+2+g 


1011100 


Sampling at the rate 
S=4 

yields 

1100101: l+g+Z 4 +Z 6 


(8-76) 


1 +i 

MOD — L (8-77) 


(8-78) 

(8-7.9) 


(8- 80) 


or 


X=4. 


(8- 81) 
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Equation (8-77) becomes 


y; 8 i [z 7 ‘ 4i ][s(g)] 2 = z x s ( z)y; z 


71 




i=o 


Evaluating the term in (8-82), 

? 4 6 

S (Z) = 1 + Z + Z + Z ■ 


Vz 1 [z 7 - 41 ] 2 = Z 14 4Z 7 = 1 + z 7 

1—J L J 


i=o 


X+ 


= 1 + z 


Substituting into (8-82) 

(l+Z+g 4 +Z 6 )(l-hZ 7 ) = Z 4 (l+Z 2 +Z 3 -fZ 4 )(l+2 7 ) 

or / / j o q a 

(l+z+z +a ) = z (i+z +z +2 ) 

Equation (8-77) reduces in general to 
L+l 

[S(Z>] s = Z X S(Z) 


M0D(7)2 
MOD ( 7 ) 


MOD L 


in general 
pr 


L+l 


G(Z)|_ ( ( S(Z) ) S + Z X S(Z)) 


L+l . 

— r* 

G(Z)|((S(Z)) S + Z X ) 


(8-82) 

(8-83) 

(8-84) 

(8-85) 

( 8 - 86 ) 

(8-87) 

( 8 - 88 ) 


and 
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Now L+l _1 L- S+l L- S+l 

rs(g)i s + g x = anti. s , + : s . 

G<*> [G(2)rf (*- 89 > 

and the fraction in the latter portion of (8-89) must be . rational . 

For example, 

G(2) = 1 + Z 1 + Z 3 (8-90) 

S=4 - - • 

7 1 U 4 6 

(1+2 ) + Z (G(Z) _ 1+2 +2 _ i 

(G (2)) 2 l+g 4 +g 6 (8-91) 


The table below is intended to summarize the use of equation (8-89) 
for several example sequences. 



G(Z) 

L 

S 

X 

Ratio From (89) 

1 

2 

+ Z + Z 

3 

B 

m 

1 

1 

+ z 2 + z 3 

7 


Hj 

(l +z 3 +z 9 ) ■ ' 

1 

+ z 2 + z 3 

7 


HI 

.1 

1 

+ z + z 3 

7 

2 

0 

Z(l-fZ+Z 8 ) 

1 

+ z + z 3 

7 

4 

0 

2 

1 

4 

+ Z + Z 

15 

2 

8 

• — 

1 

4 

+ Z + Z 

15 

B 

12 

i4sWWW 7 ^ 29 

1 

4 

+ Z + Z 

15 

1 

14 

i+z 2 +z 4 +z 6 +z 10 

1 

+ z 3 + Z 4 

15 


9 

— - 

1 

+ z 3 + z 4 

15 

B 

6 

142 6 ^ 9 -^ 10 +g 14 +g 17 +Z 21 +Z 25 +2 29 

1 

+ z 3 -+z 4 

15 

B 

12 

1 +Z 6 4Z 8 
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9. Channel Capacity and Signal Spectral Density 

The distribution of signal energy in a communication channel affects 
the channel capacity of the system. The design of the TDRS-HEAO-C modem 
should maximize channel capacity by controlling signal spectral density. 

The channel capacity for a channel with signal power spectral den- 
sity S(f ) is 

lop 2 |^1+ f ~ (f ^ bits/sec (9-1) 

where N(f) is the one-sided noise power spectral density. If the signal 
is comf ined to a finite bandwidth B, and constrained to 




S(f)df = S 


(9-2) 


where S is the total signal power. For a general N(f), the calculus 
of variations provides an approach to bounding the function, or class of 
functions, S(f), constrained by (9*2) to maximize the integral in (9-1). 
Define 


J(f.) 


S( f) 
N(f) 


(9-3) 


where p(f) is the continuous contrast ratio. An extrema can be found 
by forming an auxiliary function of the form of the Hamiltonian 

H = loP 2 [l+ 9 (f ).] + *£(f ) N(f ) (9-4) 


Substituting (9-4) into the Euler differential equation 

d / H = 0 

df 



(This page intentionally blank) 
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or from (9-4) 
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e 

TWIT) +iN(£) = 0 


(9-6) 


or 


*<f) = 


-1 - lo ^ 2 e 
AN(f ) 


Now to evaluate^ 


r 

J N(f ) 9 (f )df j -^N(f H — = 


or 


S _ 


c 

■/ 


log fe) 

N(f)df - =- B 


Now define the integral 


(9-7) 


(9-8) 


(9-9) 


/: 


N(f)df = N 


where N is the tojial noise power in bandwidth B 
Then 

log-- (e ) 

S = -N \ B 


or 


A= 


-loJ 2 (e)B 

(S4N) 


(9-10) 


(9-11) 


(9-12) 


The equation for contrast ratio is from (9-7) and (9-12) 



Ill 


9(f) = -1 + n 


S4N 
BN(f ) 


(9-13) 


or 


S(f ) - N(f ) 

For the case 
N(f ) “ N 

o 

equation (9-14) becomes 
S 


S(f) = 


(9-14) 


(9-15) 


B 


and the maximum channel capacity becomes 


C = 1o9 2 [1+| ] B 


bits/sec. 


(9-16) 


In the case of equation (9-14) the maximum channel capacity is 

/•B 


C = 




bits/sec. 


(9-17) 


Now assuming a constrant on the noise energy in finite bandwith B, 



N(f )df = N 


(9-18) 


The calculus of variations approach can be used to find an extrema 
of the variational problem described by (9-17) and the constrant (9-18) 
The auxilary equation can be formed as 


H = l0S, 2 [ ^) ] + * N(f) (9-19) 

Now define 
p = S+N 

B (9-20) 


as the average energy per unit bandwidth in the communications channel 
of bandwidth B. This includes both signal and noise energy. Substi- 
tution of (9-19) into Euler r s differential equation yields 
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(9-21) 


N(f) = T 


(9-22) 


The Lagrange multiplier can be evaluated by substituting 
(9-22) into (9-18). 



or 



and 

N(f ) 


N 

B 


is an extreme of the integral in (9-17). 


(9-23) 

(9-24) 
(9- 25) 


The form for S(f) from (9-14) is given for an. example noise 
spectral density N(f) in figure (9-1) 



Figure 9-1 Signal and noise spectral density illustrating the 
reflection effect in the relation of N(f) to S(f) for maximum channel 
capacity . . . 

To show that the calculation resulting by equation (9-25) is a minimum 
extrema consider the following example : 
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Case 1: B - 1MHZ, N(f) = .5 x 10" 8 WATTS/HZ 


N N(f )df = .5 x 10' 2 = 5 x 10" 3 WATTS 


_3 

Assume S = 20 x 10 WATTS 


S(f ) = 2 -- ~ X — - N(f ) 

K 10 +* from (14) 


or 


,-9 


S(f) = 25 x 10 7 - 5 x 10“ 9 - 20 x 10" V WATTS /HZ 


x-9 


From (9-17) 


/ 


C = 1 


bit/sec 


or 


C = 


lo »2 [1 3 S rfo 3 8]df =f lo 2 [50 x IQ" L ] df 


-9 


- 1 - 


— lo^ (5) x 10 bits/sec 


i 2&sm x 10 “ 6 _ h. §1 - in 6 - 9 10 v in 6 ' w , 
loge(2) 1 -*ai x . 2.32 x 10 bits/ 


.693 


sec 


Case 2 ssume some total noise power and total signal power in a 
different distribution across the same bandwidth as in Case 1. 

N = 5 x 10” 3 WATTS, S = 20 x 10“ 3 WATTS 
N( f ) = .1 x 10“ 8 + f (8xl0‘ 15 .) WATTS /HZ 


10 

/ 


;-8 


.- 15 , 


(.1 x 10 M + 8 x 10 L ~ f i )df '= .l x 10 _8 (10 6 ) + 8 x 10“ 0 (IQ 12 ) 

: 2 

= 1 x 10" 3 + 4 x 10“ 3 


,- 15^12 


= 5 x 10 


-3 



From (9-14) 


S(f) - 


25 x 10 
10 ( 


-3 


N(f ) 


= 25 x 10" 9 - 1 x 10“ 9 - f (8x10" 


~ 24 x 10“ 9 - f (8x10“ 13 ) 


From (9-17) 

10 6 

C = \ lop, 
o 


-9 

25 x 10 

( 1+8x10" 6 ) 10“ 9 


df 


pl0 v 


loP 2 

0 

25 

( 1+8x10" 6 f) 


df 




I0 y _ 25 

lope — 


1+8x10" 6 f 


df 


IcG 


>10 


lope 


lop. 


25 


1+8x10" 6 f 


df 




= K \ lope(- 


1+bf 


)df 


Let V— 


14bf 


j - ob 0 
dv (1+bf) 2 


V 2 df 

o 



Then 


C = 


~ak 


D 

/ 


B 


lo9e(v)du 

v 2 


where 


B" = 


1+bB 


or 


B' = a 


C = 


ak 

b 


-ak 


jV 1 M . i| 


(lo$e( v)+l ) 


B" 


ak 

b 


fj„ (lo»e(B») +1) - (lo»e(B')+l 


Channel capacity is then 


B" == 


25 


1+8x1G' 6 (10 +6 ) 


_25 

9 


B 1 = 25 


25 


loi?e (8x10 


-<•> [ ” 


(loj?e (|^)+1) 


- “ (lo*e(25)+l) 


J 



= fisfolTaJ [ fs [2 * 02 3 - » [4 - 22]] 

= 81^(2) 1 18.18 - 4 . 22] 

10 6 

= Tzm~ [13 - 96] 


= 2.52 x 10^ bits/sec 



Figure 9-2 Example Results 
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10 Power Budget Program 

A computer program designed to perform power budget calcu- 
lations for the HEAO-C-TDRS- Ground Return Link has been prepared. 
The schematic diagram of the link along with definitions of 
parameter values is given in figure 10-1. This computer program 
is expected to be used extensively in further HEAO-C-TDRS 
communication study efforts. 
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PAR (21) 

-179.2 OBW 

TOl (21 ) 

»**>■! 


— - 

, „ . .. _ 







10122 

Typs transmitted thermal noise power 

(17*19) 

(TORS) 

PAR (22) 

-12.3 oew 

TOl (22) 











10123 

TRANSMITTING CIH C U1T LOSS 

(TORS) 

PAR (23) 

-.5 08 

TOl (23) 


. i no 

10124 

TRANSMITTING ANTpNNft GAIN - — 

"(TORS) 







u-rr oish) 

MAH 124 > 

2^.4 08 

TOl < 24) 


• 6 OB 

10125 

” TR aSm I T T ING ft N T EfgN APPOINTING LOSS'” 








( T0RS) 

par (25) 

-0.0 DB 

TOl (25) 


♦ 1 OB 

10126 

TRANSMITTING ANTpNNA SCAN LOSS 

(TORS) 

PAR (26) 

-0.0 08 

TOl(26> 


f> a o Dr 

10127" 

■ SPACE LCSS •••• — 








(F=6*250 Mh2, 0=^3*000 KM) 

(Wr l*INKj 

PAR (27) 

-202.4 08 

TOt (27) 


• 2 DB 

10128 

POLARISATION los* 

_ f RF J TNK> 






— 

- ' . „ _ .... 



-0*0 08 

T0l< 2S) " 


*1 OB 

10129 

RECEIVING ANtEnna GaIn 

(GMOj 

PAR (29) 

65.0 OB 

TOL (29) 


• 2 OB 

10130 

RECEIVING AMENN A ' POINTING LOSS' 

(GRO) 






— • 

. . , ; \ ■ 


-0.0 OB 

TOl (30) 


• 1 OB 

10131 

deceiving ANrENNft scan loss 

(GRD) 

PAR (31) 

-O.o OB 

TOL<3i) 


n „n no 

— 1 0132 ' 

RECEIVING CIRCUIT LCSS •' 







... ~ . . 


\ \jriu) 

PAR C32> 

-0.0 DB 

~TOl (32) 


0.0 DB 

10133 

< 

SOm£ OF ADVERSE TOLERANCES 
(23 THRU 32) 

(GRD) 

PAR 133) 

-1*4 DB 

TOl (33) 



















iiasifc 

W 









h 



I 
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I . D . 

PARAMETER 



PARAMETER 

parameter 

Tolerance 

Tolerance 

CODE 




number 

value 

number 

VALUE 









10134 

NET CIRCUIT L033 


(GRD) 

PAR (34) 

•112.9 08 

toloa) . 



(St'M 23 ThRU 33) 







101 35 

PROCESSING G«ylN 


(G80) 

PAR (3S) 

-0.0 08 

TOi. 05) 



TOTAL RtCtlVjrO 3 T ONA L "POWE R ■ 

<2^*34) 







10135 


(GRD) 

"PART36J 

" -11 J.TDBW 

TOtr36T~ 




frok tors - 






10137 

received cor^HtiMT Interference 
(21*34) 

(GHD) 

PAR (37)' 

•292.1 D8W ' 

TOL(37r _ 

. 









10138 - 

RECEIVES COi-rnEfiT INTERFERENCE 
tors to GNU lI»^ 


TGROF 

pAffoer 

•JOO.DnOFw 

ToL (38) 










"10139 

total RE I PC-.’tR (COHERENT) ‘ 

(37*38) ( NCtE • * D3'« CAN NOT BE 

added DIRECTLY) 

(GRD) 

P ART 39 ) 

•291.5 06V 

T0H39) 



RECEIVES THERMAL NOISE PO*ER 

( 2? ♦ 34 ) 







~ 10140"" 


(GRQ) 

Par (40) ; ' 

-125.2 DBW 

toLuo! 









' 










•!>«■<> G^ClN 



. . • 




10141 

receiver thermal noise spectral 

DENSITY 

(GRD) 

PAR (41) 

•208,6 OBV/HZ 

toLuh 



<TS =10 0 DEG Kj; (NFs06) : 







1014? 

RECEIVER riANowIOfi-t 


(GRD) 

PAR (42) 

66.0 08/HZ 

TOl (42) 



(4.C MH4 ) 




*• 



















/ 
















1 

1 

1 

1 

1 
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i.o. 

' CODE 

hahamET£R. 


parameter 

parameter 

tolerance 

TOLERANCE 



nUmbER 

value 


number 

value 






1 

l 

• 

1 

1 

1 

» 

1 

« 

1 



10143 

RECEIVER THERMAL NOlsE POaER ■ 

(GHD) 

PAR (43) . 

-142*6 

OBW 

TOl (43) 



(4 j ♦ 42 > 







10144 

TOTal Thehm-l NO T SE POWER OUTPUT 

<4r-35+43> (AoTt. ,0a* CAN NOT be 'ADDED DIRECTLY) 

(GRD) 

PAR (44) 

-125.1 

08 W 

TOl (44) 









10145 

ACTUAL RcCtivt" THc.RMaL noise spectral DENStTY 

(GHD) 

PAR (45 > 

-191.1 

OBW/HZ 

TOL (45) 



( 4 4-m 2 ) 




* 



10146 

RECEIVED signal aowER-To-TNERMAL NQlSE 5PECTRAL ( GRD) 

PAr (46 ) 

76.0 

OB 

TOL (46) 



ULi'J ill « JW 







1014? 

tot-l pecei^cd s>tGnal po w e r — tq» _[ ot al Thermal 

(GHD) 

PAR (47) 

12.0 

DB ! 

TOl (47) 



NOISe ^ C ■» l " < 3 4 ■“ 4 4 ) 







1014* 

MODULATION LOSS 

(6H0) 

PAR (48) 

-1.0 

OB 

TOl (48) 

-.5 DA 


' ' ' 1 . ->L ~ 1 i 1 '’vLUljt 0 A 17 VEKSE IClEPaNCE) 







1014Q . 

received uAf* au, carrier fo*ea- in- T hermal 

NOISE SPECTRaL Oc.VSiTY (46 + 46) * 

(GRD) 

PAR (49) 

77*0 

DB 

TOl ( 49 ) 

- 








10150 

receiver g 0 'i ~ l 1 f i spread interference 

SPECTRAL 0EAS.UY <39-42-35) ' ' 

(GRD) 

PAR (50 ) 

-357.5 

OBW/HZ 

TOl (50) 









10151 

total uivcorReLa t^d spectral density 

(GRD) 

PAR (51) 

-191.1 

obw/hz 

TOL (5.1) 



. t . • • i-id" is l\U 1 AUUtn n I RECTLY) 













t 

1 



















u? 

00 

A 


page & 


PARAMETER 

NUMBER 


PARAMETER 
Value 


tolerance 

NUMflER 


tolerance 
Value' ' 




key PawAM£ T fr values 

Fofl'THETUSEfi-TE L EMETftY"C'HAHNet ' — : 

Ca-SE STT "PARAMETER (131 FAR ARE TEfT CH5T } PaRXmITer<35) 

2 l -300.0 0 00,00 14.00 





I • 0 • 

coot; 


PARAMETER 


PARAMETER 

number 


PARAMETER 
Value " 


TOLERANCE 

number 


tolerance 


value 


tJSEwLi' *** 


201 0.1 

TOTm. TK «,\Sr* y T Tto PCner 
U • . ' * 1 

tUSEft) 

PAR (1) 

10.0 

OBW 

TOlU) 














2010? 

r r> A N I * T I N<: C i n r U 11 LOSS 

(USER) 

PAr (2) 

-1.0 

08 

* T0U2) 


0.0 

OB 

201^3 

T K an SM ITT] N-J AN T s-lN"iA GAIN 
<3 -FOOT OISr 5 

(USER) 








PAR (3) 

3 / .9 

DB 

TOl 13) 


• 6 

DB 

20104 

T H vN $K I If INC ANirtM^A POINT iNiG LOSS 
0.0 UE6) 

•' - — - flKrU i -* 









par (4) 

-2.5 

OB 

TOl (*) 


•1 

DB 

20 105 

sw , r _ f __ 









(K = l/'.357 Ni- v, U S j3 h 0 ft Ni v ) 

(Kr LINK) 

’PART5) 

<y> 

• . 

s 

CM 

1 

OB 

TOl<5> 


7*1 

OB 

20 1 n ft 

POLaRZa f IUN I CSS • • ■ - - 











C«r LI NK / 

PAR (67 

-0.0 

OB 

TOl (61 


• 1 

08 

20107 

RECEIVING AntEnn- uaIn . 

( T DRS) 

PAR (7) 

46*5 

08 

TOl<7) 



OB 








f 



zoloa 

RECEIVING a.\tENN>, pointing tO.SS 

(TD«S> 

PAR (8) 

-1.7 

OB 

TOl <r) 

i 

. i 

HR 


< ). . 3 DEG ) 







— . — f-L. 

AIB 

201 OR 

AECE I V I iso AistLiNN a SCAN LOSS 

(TORS) 

PAR (9) ■ 

-o.o 

08 

TOL (91 


— itb 

08 


"E* 

i£* 
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PARAMETER 


PARAMETER 

number 


20Uo RECEIVING CIRCUIT loss 


(TORS) PAR(lO) 


'20111 SOV.E OF ADVERSE' TOLERANCES 

(2 Thru uj 


(TORS) Par { V i) 


20112 NET CIRCUIT , C'iS 
(SUM 2 T nhU 1 1 ) 


(TDRS) PAPUZr 


20M3 RECEIVED «F.I fcwpk (COHERENT) 


(TORSr PAR (13) 


2 0 1 ] A _ RECEIVED SIGNAL oowfc * 
" 4 1*1 


(TORS) PAR ( 14) 


... ... *#» - • THhSLK ' «** - — - — 

2011S RECEIVER Tht.;jy«L NUlSE SPECTRAL DENSITY 
(TS s 400 0£r, N*-.)E =< 3 ) 


20116 : RECEIVER SANn*lUTrt 

(4.0 MHd 


20117 RECEIVER HOISt P^»s.R 
( 1 E + 1 b ) 


(TORS)'- pAwtlsr 


(TORS) PAR ( 17) 


‘20118 RECEIVED blGrvAL uU^ER-TC-T R£'RmaL "KO IS£~ 
SPECTRAL CtNsilV. (14-15.) 


-(-T o.R 57 p AR (18 3 


20119 -.-TOWS' G A 1 n 


(TDRS) PAR (19 T 


201?0 TRANSMITTED Sit.^L po*er 

< 1 , 0 W ) (14 *14) 


(TORS) PAR (20) 
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' I • D • 

PARAMETER 


PARAMETER 

parameter 

tolerance 

TOLERANCE 

CODE 



NUMBER 

value 

NUMBER 

“Value 

20121 

TUPS TrtANSKlTUu CU"E«E/vT INTERS EfiENCE 

(TORS) 

PAr (21 ) 

-179.2 OBW 

TOl (21 1 



n?*l9> 






2012? 

. lne.-S TRanSMITTll) INLHmaL NCISE P0W'£F 

(TDHS) 

PAR(22> 

1.7 OBW 

TOL (22) 



(1 7 ♦ V 9 > 


20123 

TRANSMITTING CIRCUIT LOSS 

(TORS) 

PAR (23) 

-.5 DB 

TOL (23) 

.1 

OB 









- ' 20124 

' TRANSMITTING ANirNNA GAIN ' 

(1-FT OlSn) 

(TORS) ' 

PAS (241 

26.4 08 

TOL (24) 

*6 

OB “ 









-20125 

- TkcSmI T T ING fti'ifM’tA POINTING loss 

( T ORS ) 

-PARI25) 

“0.0 OB 

TOL (25) 

• 1 

OB 

201 ? A 

TRANSMITTING AfxTrNNA SCAN LOSS 

(TUPS) 

PAR (26) 

“ 0 . 0 D 8 

TOl (26> 

o.o 

DB 

--- 20127" 








-Space loss - — — 

(PsP.2Sw U= 36 ♦ 0 00 KM) 

THE LINK) 

PAR T27) 

^2Q2T*T"ITB 

TOl (27) 

.2 

OB 









• 20128 

■ POLAR I /'AT iUiN Lost; ■ • ■ ~ ■ • - : ■ 

f HF LINK)" - 

"PAR (28) 

“0.0 DB 

TOl (28) 

.1 

OB 

20129 

RECEIVING A NTtNN/, o A I N 

(GRO) ; 

PAR (29) 

65.0 OB 

TOl (29) 

.2 

DB 


RECEIVING. ANTtNN^ POINTING LOSS ‘ 







2013i) 

(GRO) 

PAR ( 3{j > 

•0*0 DB 

TOl(30> 

.1 

OB 

20131 

RECEIVING aMENN . :>CAN loss 

(GRD) 

P A R ( 3 1 ) 

-0,0 OB 

to l (31) 

■ Oj*(L 

OB 









20132 

RECEIVING CipCulr uCSS 

"■ ( GRD ) ' 

PAR (32) 

-0.0 DB 

~T0l (32) 

0.0 

OB 

20133 

SO.-E OP AOVfcpSh TOLERANCES 

(GRD) 

PAR ( 33) 

-1.4 DB 

J0L(33) 




(23 THUG 32) 


I.D. 


PARAMETER 



PARAMETER 

parameter 

TOLERANCE 

tolerance 

code 





number 

VALUE 


number 

value 












20134 

NET Cl^COiT i.Cib 
{ SUM 2 3 ThRC 33) 



(GPU ) 

par (34) 

-112.9 

DB 

TOl (34) 











201.35 

PROCESSING Gftlis 



(GRD) 

PAR (35) 

14.0 

OB 

TOL (35> 


20136 










1 U 1 KtCtlVf L/ rUWtn 

<2-*34> 


(GRD) 

' PAR (36) 

-113.1 

OBW 

TOl (36> ~ 


'20137 ' 

' RECEIVED CURfElNt 
( 2 i *34 ) 

INTERFERENCE 


(GrtQ) 






FROf* TiJRS 

PAR (37) 

-292.1 

DBW 

TOl (37) 



PfrElytC CCrrhEiNif 
T i • - S TO GinQ ).. lNf\ 









20138 

In'TekF erence 


(GRD) 

PAR (38) 

-300.0 

OBw 

TOl (38) 


20 139 

total pfi pcwEr (Cocere/\T) 

1 37*38 ) (NO Tt*« Dti* CAN NOT BE 


( GROT 






ftHUEO DIRECTLY) 

PAR ( 39) 

-291.5 

0BW 

TOl (39) 


20 1 0 

RECEIVED TntRNAL 
(22*34) 

noise POftEPi 


(GRD) 

par (4 o ) 

-111.2 





OBW 

TOl (40 > 























G R L L K -o- ■" <* 









20141 

DECEIVE* THlkN-AL 

NOISE SPECTRAL 

OENSiTy 

(GRD) 

PAR (41) 

-200.6 

OBW/HZ 

TOl (41) 



•ITS =100 DEC K> , 

t NF=08> 








2014? 

HE'CEIVEH BAN 1 DtH 


(GRD) 

ParU2> 

66.0 

OB/HZ 

TOL (42) 



(4.0 MhZ) 







f 

! 
































C/T 
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parameter 

c 0E " nupber ; 


20143 H't're I VEh THECAL NOISE POWER {Grtt>> PAp(43) 

(41*42) * — ------- 


20144 TOTAL T n E n P A i_ NOtSE POWER OUTPUT (6RD) ' PAR< 44 » 

f 4 -35 +4 3 ) u 0] t . ;DUW Can "NO t - BF ' 4 0 D E D~t> I ft EC TLYO 


20145 ACTUAL hEcEIv/fcK THERMAL NCISE SPEcTRaL OENSyTy (GRD) PAfifici 

. {44-42) — — 


2014a RECEIVED SIGNAL pu4£JI-T0-ThERHaL NOISE SPECTRAL ( GRD) parUa) 
density ( 36 - 46 ) — — • - 


20147 TOTcl RECElvrC i T 0<Y*L POWEH-TO- TflT AL THERMAL' (GRD) ' p A fl<47» 
NOTSf P C w £ h ( ) " ■ — — * — ■- 


20146 WOmUlAT ION LO^S ( GKO) PAft{4fll 

(NOqulaT IUN L CiaS INCLUDES ADVERSE " TOLERANCE ) — 


20149 RECEIVED OATa SU^CAhR IER FOviER- i o-THERmAL (GRD) PAh149) 

NOISE SPECTHaL UrN^iTY (46 + 46) „ r .. ... 


20 150 RECEIVER OUIrsLi oEi SPHgAC INTERFERENCE (GRO) PAR (So) 

SPECTRAL OENSl'fY <39-42-J5> “ - ' - 


20151 TOTAL UiNCOH^fLaT £u -PECTRaL OEnStTY (GRD) par (5l) 

“ <45*50 > (NO If.* nB» IS NOT aDOEo DIRECTLY) "~T” ~ 


Ml 


flf). 

A 




■ 

PARAMETER 

tolerance 

TOLERANCE 

value 

NUMBER 

Value 

... 

-142.6 OBW 

TOl (43) 



-125.1 Dew 

TOl (44) 



-191*1 OBW/HZ 

TOl 1 45* 



7B. 0 OB 

TOl (46) 



12*0 OB 

TOl <471 



-1*0 DB 

TOl (40) 

•5 ob 




77.0 08 

TOL ( 49) 



-371*5 DBW/HZ 

TOl<50> 



-191*1 08W/HZ 

TOl (51 ) 

, 
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PARAMETER 

NUMBER 


parameter 

Value 


TOLERANCE 

NUMBER 


2015? HfcCE-TVEC DATA SU^CAkRIEr POwER- f o-CCHErEnT 
"'HE I ■ p 0 ft (3 6 ♦ A 6 - i 9 > - ” .* T 


Par (52) 


TOL (52) 


30153 RECEIVER OA'Ia SUqCSufl.IE'R POWER- I O-TCT al (G«Q) 

UNCCRRELaTEC NUlst SPECTRAL DENSITY (36+48-51) " ' 


PARI53) 


77. o OB 


T0l(53» 


2015a CHANfoEL *iT oAft (?.OP gOS) 


PAH(SA) 


63.0 OB/BPS 


TOl (54) 


20155 AVAILABLE tApHor.. T o- THERMAL NOISe SPECTRAL (GftO)' 

DENSITY l 4 9-5 4 ) 


Par (55) 


14VQ~DB~ 


TOl (55> 


30156 ” AVAILABLE ervFRGr»Tu-RFi pcweR' (COHERENT)' 
(53-SA) 


“PAHT56) 


IOL (56) 


20157 AVAILABLE E iv e R U y ^ i U - j q j ^ l UNCORHEL A TEO :”'""(GRO)' 

AiOlSE SPECTRAL O-nSITy (53-5a) 


PAW (57) 


14.0 DB 


fOC (57) 


201 58 ••HEOUJHEC ENEr.RY -rO~NO I S£ SPECTRAL 
DENSITY (FCr Hit ^E s l*lo*°“3) 


PAW ( 58) 


6.8 08 


■TOlcsbT* 


20ISQ "' 'Channel perfokma ict margin - fGRD) 

The Sum Of ‘me ADVERSE TOLERANCES) (57-56 


3 7TRT59T 


'7;2~UB 


^L (59) 


. PERFORMANCE MARGIN Fr.R NrS = ? NSSs I • IS ADEQUATE 


"C'A'se 

3 


“Tfer- 

CO 

A 


KEY PaRAMETEH VALUES 

FnR The USER telemetry channel - . * . " . 

'SET “PARAmET EW'fi 3 ) PARAMETER! Ur PAT^meTer<3^) 

1 - 125. 80 66.00 0.00 


PARAMETER 
NUMBER ■ 


parameter 
value 


tolerance 

'NUMBER'"™ 


*«« USERL* 

3oio] total trans^ttl;? power 
Ilf.OJI). 


(USER) PA«(1) 


10*0 DBW 


TO lU) 


3oio2 Transmitting CiH r ui.l loss 


(USER) PAR (2) 


-1.0 DB 


TOL <21 


30103 TRANSMITTING an I ifNiVA'- GAIN' 

(3-FOOT OISE > 


■TOSERT PART3T 


3779“DB 


30104 Transmit UNG AN'fpNNA point InG LOSS 
U .0 0E6) 


(USER) PAP 14)’ 


“2.5 'DB 


"to l at 


"3 01 OS SPACE LOSS - — 

<F«1C>*357 Mr 7 » D = 3^ 8(J0 KM) 


30106“ ” POLAR4AT ION i OiS 


30107 RECEIVING ANtE«n*a ti MN 
..rR-FT DISH) ' 


(«F LINKT PARC 6) 


< TORS) PAR(7) 


^203.9'T5B — 


-0.0 DB 


46. S DB 


T0l<6) 


TOUT) 


30108 RECEIVING ANt£n>M POINTING LOSS 
(0.3 DEO) — 


(TORS) PAR<8) 


-1.7 08 


T0l<8) 


30109 RECEIVING ANtE«M a SCAN LOSS 


(TDRS) PAR (9) 


-0.0 DB 


TOl (9) 


1.0 09 


PAGE 2 


PARAMETER 

"NUMBER 


parameter 

Value 


tolerance 

SOmber" 


3 0 1 1 0 RECEIVING CIoCUIt LCss 


( TORS J PAR ( l o) 


-1*0 DB 


TOU10) 


30111 SOME" OF ADVERSE" TOLERANCES* 
(2 Thru i cr j 


mjR'57 PSWTIXT 


- 5.3 DB 


3011? MtT CIRCUIT |_CSS 
(SU* 2 Thru 1 1 ) 


1TDRS) PAR (121 


131.0' OB 


TO L (i 2 l 


30113 RECEIVED «F 1 PLwck (COME REN V 


'(TORS) PAR (137 


-125.0' W 


"TOUT 


301 1 4 RECEIVED SIGNAL aO*ER 
- : (1 + 12 ) — 


( T ORS) PAR ( 14) 


-121.0 OBW 


T 0 L (i 4 » 


• " *** "‘TORSLK “''***■ "■ 

30115 - 'RECEIVER thermal NOISE SPEC TRAC DENSITY' 

ITS a 900 Dtfi K,, f E ss6> 


1T6RST“ PArTIST 


-19 9.1 08W/H- 


roul 5 ) 


"3'0TT* RECEIVE fT~S AATVwl O'fH 
(4.0 mh2> 


66.0 00 /» 


T 0 l( 16 ) 


30117 ’ RECEIVER NOISE P.f>wER 

(15*161 


ITdRST 


‘Rum?) 


-133.1 OBW 


T 0 l (171 


30118 RECEIVED SIGNAL ou»Eh-TQ-THE8mAL NOISE* 
SPECTRAL DEAgllY <14-15) 


(TORS) 


PAR (181 


7B.T" 08 


touIbT 


30119”' TOR'S GAIN 


nmsr — "*pArti 9 T 


*1 2078 O B 


Oi' 9 f 


.TRANSMUTED SlbN,;L POWER 

(1.0W) (14.19) 


(TORS) 


PAR (20) 


-*2 OBU T 0l(?0) 








' . . ; r •. ._; s „ /. r _ ___ 









PAGE 

3 




1.0. 

f ftflf 

parameter 


PARAMETER 

parameter 

tolerance 

tolerance 

VUUL 



NUMBER 

value ■:* ” 

number 

value 


30121 

TOPS TRANSMIT]*!) COHERENT I NTEKV EREftCE 

(TOPS) 

PAR (21) 

-S.O 08 w 

TOl (211 


i J J* i 7» . — T — ? 

3012? 

Tors tranSm it,! to thermal noise power 

(TORS) 

PARI22) 

-12.3 OB* 

T0l<22) 



( 1 7 ♦ } 9 > 






30123 

TRANSMITTING CIRCUIT toss 

(TORS) 

PAR (23 ) 

-•5 OB 

T0l(?3> 

• 1 DR 



U-FT Oisri) 

V 1 

PAR (24) 

26 • 08 

TOl( 2 ft) 

*6 DB 








Jfl 1 23 

1 « A? •'i I * l l IV w /\Nit \iNA HUiNI I^O LOSS 

(TORS) 

“PAR (25) 

-0 . 0 08 

TtT L <25) 

• 1 OB 

3o 1 2ft 

transmitting anTfnna scan loss 

(tDRS) 

PAR (26) 

-0.0 DB 

1 TOl (?6) 

6.0 DB 


■* y i c. r 

(F=B.25Q Rh2, U = ^B»000 Km) 

LINN) 

PAR T27T^^ 

-202.4 00 

TOl (?7) 

• 2 OB 

30128 

POLARHATiON LOS<5 - ■ 

<RF LINK) 

PAR(28) 

-0.0 OB 

TOl (28» 

.1 08 

30129 

RF.C.EIVIn£ Ant*NNi OaIm 

(GRO) 

PAR ( 29) 

65.0 DB 

TOl (29) 

• 2 OB 

30130 " 

RECEIVING AMtNW* POINTING loss ; " - 

~ (GRO) 

Par (30) 

-0.0 DB 1 ' 

TOL(3oT 

• 1 OB 

30131 

RECEIVING ANtENN;, scan loss 

(GftD) 

PAP (31 ) 

-0.0 DB 

TOl oi> 

0.0 08 

“3013?- 

fiErFTVTNfi r 7 ^ru J r -LOS-^ - •— - 








(GRO) 

PAR (32) 

•0.0 ~D B 

TO L {32T 

0.0 OB 

t 

30133 

SOf^E OF ADVERSE t OLERanCES 

i?i thru ■*? i - ■- — 

(GRO) 

PAR (33) 

•1.4 DB 

TOl (33) 

— t 








jH?.. 
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PARAMETER 
NUMBER " 


parameter 

VALUE - 


TOLER A WCE 
NUMBER 


30134 NET CIRCUIT |_oSS 
(Suv 23 THRU 33 ) 


PAr <34) 


-112.9 OB 


TOl 134) 


30135 PROCESSING GaIn 

30 1 3A Total RECEIVED Signal POWER" 
<?' + 34 > 


PAR { 35) 


PAHTX61 


0.0 00 


~-T 13 «T~EJB1 


TOl(35) 


rorrs 6 i 


30137 "Rece iveo coi-fRlimt interference" frow-'Tors {grot 

( 21 + 34 ) 


"PARTI 71 -1T7'.9~0BS 


tol otr 


3013R PErEIVEC cORc-RENy INTERFERENCE" 
Tl RS TO GND 


"PAR (38T 


- 300 . 0 08 W " 


T 0 TT 381 


30139 TQTal RFI PU/. : fc.f' (CUr£RENT) *' 1 ( GHO ) 

(37*30) <f\Cr£«. U 3 * CAN NOT SE aDOEO DIRECTLY) 


PAR ( 39 ) 


-117.9 DBW 


T 0 CT 39 T 


30140 RECEIVED TnErpaL nujse POWER 
<??+ 3 A ) 


PAR (40) 


-125.2 OBW 


“ TOLU 0 T “ 


**■» GRCLn 


30141 RECEIVE^ ThER^HL NUISE SPECTRAL OENSiTY 
( T S =10 0 DEC N) , (NFsD0) ' 


(GHO) PAR (41 ) 


-208.6 DBW/HZ 


T0l«4U 


30142 PECE I VEn bANowiU r H 
U.n mha) 


(GhD) PAr 142) 


66.0 D8/HZ 


TO t <42 ) 
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PARAMETER 
NUmRER ■■■- 


PARAMETER 

VALUE 


toleran ce 

NUMBER 


tolerance 

value 



3oi5i total ui\coHKfrL«'(£D spectral density 

U5*5 0) (NOTE.. 0:;'rt IS KCT AODED 01 REcTC Y) 


(GRO) PAR ( 5l ) 



- JS£S^y*™£ R >f ![ SPECTR.L DENSITY. FOR THE RE.SONS BIYEN 

A CaSE-GY-case analysis to Take INTO aCCounT C t2e EFPECT OF fiFl! S3, S7* ANO 59 AR E ALSO NOr^APPLI C A0L E . TwtS DOES NOT PRECLUDE 



PAGE *, 


parameter 
NUMBER ' 


parameter 

value 


tolerance 
number 


tolerance 

Value 


3.015? RECEIVED oat a SUpCABrIEr POwEr-To-CCHErE’NT 
RFI POWER (3R+4t>^39) ■ ' 


PAr (52) 


3.8 DB 


TOt (52) 


30153 RECEIVER I J A T ^ siU,<C5>RRIEH PCwER-To-TCTAl (GRO) 

UlVCORRfLA TEO mCI^f SPEcTr'aL DENSITY (36.4fc|-5l> 


30154 CHaMJEL GIT PA i E <?.OM GOS) 


PAR (53) 


PAR ( 54 ) 


63-0 D8/8PS 


TOL ( 53 ) 


TOL(SA) 


30155 AVAILABLE ENERGY. TO-ThEhMAL NOISe SPECTRAL' (GROV 

DENSITY < 4 ?-Sz h ) 


‘PAR (55) 


14.0 OB 


TOC (551 


30.156 AV a TL'aGLE £NfhGY_ 10 -rfi PCw£R (COHERENT) 
(b?-S4) 


PAR (56) 


-59.12 OB' 


30157 AVAILABLE EAj-'huY.TG-ror.YL ^NCOkR£L aT£D 
NOISE SPECTRA^ UEmRII Y (53-54) 


PAR (57) 


T0L(57) 


3015b • 'Required eneg*>-to-noiS£ spectral ‘ cgrd) 

DENSITY (F(,-> blf PE=l»lo* tt -3> 


PAR~( 58) 


6*6 08 


)'Os i>' 


'30159 ‘ “CH^KMEL ■ PERFORM A'lCt MARGIN “ ~ fGBDT 

(aGOVe The sgv, gp me adverse Tolerances) (57-58 


P*rT59Y 


Tol (59) 


PERFORMANCE '-'AhUIn F oh npSs 3 NjjSs \ I? NOT APPLI 


cable 



KEY PARAMETER VALUES 
F OR 7 h£ USER '"TElEmETRY ' CHANNEL 



Case set ' parameter (U) parameter 067 

4 _ . _..L. -125.80 _ 80.00 


fyath 

c/i 

A 


Parameter (35) 


14.0 0 





page 

1 




CA S c 

4. VO£R tfOuftcl C a LC^La T LONS FOR RgTLRN 

link performance 

user-— Tors- 

— GROUNO 



5 set 

1* CCMOlXiUKS K9Ki*NSS,NP6 







Hlbh HATa R aTE (hDKI 'L'$£R' TELEMETRY 














9 





i. 0 . 

CODE 

HaHamLTER 


parameter 

parameter 

TOLERANCE 

tolerance 



number 

value ~ 

number 

value 









US£RLK *** 






401(11 

T 0 T A T«AM>^ T lJEa PCW Eft 

‘ " M 4 > _ 'i Li \ ‘ * : ' 1 ’■* : ' '■ ' — 

(USER) 

PAp(l) 

10.0- D8W 

toltu 









4010? 

TRANSMIT riN 6 ClH r Uil LOSS 

(USER) 

PAR ( 2 ) 

-1.0 OB 

TOl( ?I 

0.0 OB 

40103 

i R/iKSmi t r i in g a n ■' p im i» a ' gain 

(3-Fnor rjist~i 







PAR (3) 

37.9 Ob 

TOlT3) 

• 6 OB 

40104 

1 H * N S<M iTTlNG AN 1 p'fvN A PO] N f I NG LOSS 






(1.0 DEL*) . ' 


PAP (4) 

-2.5 DB 

\ 

~T0L(4> 

.1 DB 

— 4 Ol'iT^ - 

| rcc * * — — 







(F = l-*35? «l"7» 0-J3 Roo KM) 

(RF LTNK J 

PAR (SI " 

-203.9 DB 

— T0l(5) 

2*7 OB 

40106 

Pftl aQ7aT f o.\ i CSS ■-■■•- - 





t 


(Rr LINK) 

Par ( 6 ) 

-0.0 08 

T0l<6) 

• 1 OB 

4 OIO 7 

RECEIVING AMEMV oaIn 

(H-FT DlSH) r 

(TORS) 

par ( 7 ) 

46.5 DB 

T0l<7) 

.6 DB 







401 OR 

Rt’CE T V I ivG AiNtENn^ POINTING LOSS 

(TDRS) 

par ( 8 ) 

-1.7 00 

T0l(8) 

• 1 OR 


(o ,3 UtG) 






40109 

RECEIVING antENn.\ oCan LOSS 

(TORS) 

PAR (9) 

-0.0 DB 

T0l<9> 

1.0 00 
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HAMheTER 


PARAMETER 

NUmB£R 


PARAMETER 

value 


tolerance 

MUMBER 


40ll0 RECEIVING CipCUir Less 


40111 SO^;E' OF ADVERSE' "TOLERANCE'S" 
(2 Thru io) 


4oll?' • MET CIRCUIT |_0iS 
(SUV 2 T hmU 


J TORS? PAR ( 1 0 ) 

fTURS) P ARTI IT 


-1*0 D8 

"-5T3 rur 


40113 RECfflVCQ I PO«rH (COHERENT) 

40114 RECEIVED SIGNAL rO*£R 

uVi?j " — 


(TORS) 

“FAR (12f — ' 

-131.0 OB” 


( I DR 5) 

PAR (131 

-I25.fi' [)B 

(TORS) 

PAR (14) 

-121.0 new 


TOl < 10> 
"TOlUD 

~TOlTT 2T 

TOLUir 

IQuUi 


TOKSLK 


Roil? receiver the?val noise spectral' density - ' 

<TS = 90 v Uc.fi ft »uF = 6 j 


4013 6 RECEIVER BAi\ nh I L/yn 
(4.C MmZ) 


40117 HK.CE.lVEn Mi 1st P*wc.K 
( 1 S + 1 6 > 

40116 HEtEIVEC SIGNAL PO^ER-TO-ThERMAL nOTSF 
SPECTRAL 0 £!ns 1 » I ( 14 -iS) E 


40119 Tu^S GAIN 

40120 TRANSMITTED Slte ( * A L POWER 
( T .CW) ( 14*19) 

m 

Nl 

A 


(TORS) -PARTIS) 


'“(TORS J 
(TORS) 
(TORS) 

't 

"(TORS) - 

(TDRS) 


"PARusr 

PAR <171 
PAR (13) 

PARTI 9 V 

PAR(2o) 


“-V99iI“oBW/HZ“ 
80,0“D8/KZ — 

-119.1 new 

78.1 08 

“T2o.roe ~ 

-.2 DBw 


TOC < 15) 

nrorrur- 

TOl<17)“ 

TOtTiar 

T0Lh9)“ 
TOl (20) 





page s 




I .0 . 

coot 


PARAMETER 

parameter 

PARAME T£R 

tolerance 

tolerance 



NUMBER 

value 

number 

value 

- - — „ - 







40121 

10u$ TRANSMifTliU 
< 1 3* J 9) ' 

CUhehE>T iKTE^EpeNCE 

(TDftS) PAp (21) 

-§•0 OBW 

TOl (211 



i 





4012? 

tors tha^smi 

/ 1 -» ^ 1 Q \ 

FORMAL NCISE POWER 

(TDHS) PAR ( 22) 

1.7 OBW 

TOi. (22) 



n 7 *i 9 ) 


40123 

TRANSMIT! i'mL CiH^Ull LOSS 

(TORS) 

PAR123) 

“*S 

OB 

TOL ( 23) 

• 1 

OB 

40124 









(T-FT 01 Sr) 

( T OR S ) 

PAR (24) 

26*4 

OB ■ 

TOL(24> 

• 6 

~ 0 B 

40125 










( T ORS ) 

P AR ( 25)' 

* 0*0 

0B 

ro L r25) 

• i 

DB 

40126 

transmitting a^p-n^a scan loss 

- (TORS) 

PARI26) 

- 0*0 

DB 

TOl (26) 

0.0 

OB 

40127 

SPACE LOSS . - 

(^=8,250 Kh 2 , L=^a »000 KM) 








<RF LINK) 

PARf?7r~ 

-20Z.4 

OB 

TOl (27) 

•? 

DB 

40128 

POLaHIZaT 10iv LOS s 

(RF LINK) 

PAR<28) 


OB " ~ 




- 0*0 

TOl ( 20 ) 

• 1 

DB 

40129 

RrCEIVIA'i a^tEivN,, K>nihi 

(GftD) 

PAR <29> 

65*0 

DB 

TOj. ( 29 ) 

• 2 

DB 

40130 

Receiving a-mcmn, pointing loss 








(GBD> 

PAR (30) 

“ 0*0 

08 

TOl (30) 

• 1 

OB 

40131 

RECEIVING AMENNft SCAN LOSS 

(GfiD) 

PAR (31) 

“ 0.0 

08 

TOl (31 ) 

6«o 

DB 

4013? 

receiving circuit OuSS 


PAR ( 32 ) 






( GRD ) 

“0*0 

06 

TOL (32) 

0*0 

DB 

40133 

SO'. E OF AUVEivSt tupEhanCES 

(GrtD) 

par (33) 

“1*4 

OB 

TOL (33) 




<?.? thru 32 ) 








ifscS 









W t 
93 
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I.D. 

PARAMETER 



parameter 

parameter 

tolerance 

tolerance 

CODE 


* 


number 

value 


number 

value 


40134 

.NET CIRCUIT !_C$b 


(GRO} 

PAr<34) 

-112+9 

1)0 

TOl (34) 



(Si:y 23 TrtRL 33) 








40135 

PROCESSING G a I iv 


(GROJ 

PAR (35) 

14.0 

OB 

TOt 05) 



total received signal power 

(?' +34) 


(GRO) 






4(5 1 36 


PAR ( 36) 

-113.1 

DBM 

TOl (36> 



RECEIVED COr-EHtrsiT INTERFERENCE 
<?' *34) 

FROK'TnRS 







40 1 37 

(GRD)" 

PAR (37V ‘ 

" -117.9 

D8W 

tol ( 37 ) 



received comp rent interference ' 

T(.>R$ TO GND L ifs N 








40138 


(GrD) 

pAp (39) 

-300.0 

DBW 

TOl (38) 







’ . ■ 




4 0 i 39 

TOTal RFI PCyEh (COHERENT) • 

(37 + 38) <NCtE.« Uci* Can NOT RE 

AOOEC DIRECTLY) 

(GhD) 

PAR (39) 

-117.9 

00 w 

TOl (39) 











40140 

RECEIVED T n E iv R A L rtulS£ PO*ER 

(??*?|4) 


(GRD) 

PAR(4o) 

-111+2 

oew 

TOL (40> 





















**«• gRDLn 







f 

40143 

RECEIVER ThcR<VL inUISc SPECTRAL 

DENSITY 

(GRD) 

PAR (41 ) 

-208+6 

OBW/HZ 

TOl ( 41 ) 



(TS =100 DEG M, ( Nr =U6 ) "V 








4014? 

RECEIVER ciAi'.owiUTn 


(GRD) 

PAR (42) 

66*0 

DB/HZ 

TOL (42) 



’ ' (4.0 MHZ) ; 




































m 

w 
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1.0. • PAhamEIER PARAMETER 

CODE " NUMBER ' 


401*3 RECEIVER TntoMAL NP1 St PQ'^Er (GrD) PAr(43) 

<4) +42) ‘ 7“ ' ' ’ 


40144 TOTse ThfKKAf, tVOjSc. Po^EM OUTPUT (GKO) PAR(4*) 

U^-3B + ^3> <AnJ£* ,09i)i C Aft ftOT BE ADQE0 DIRECTLY) ' 

40145 ACTUAL PrcEIv/tH rhcHM aL NOISE SPfcTPaL DENSj TY _ (GRD) PAR<45> 

(44—42) _ ~ ' 


40146 ^trETVEC SIGNAL pO*ER-TO-ThermaL NOISE SPECTRAL (GRD) PARl46> 

DENSITY 06-4 5 ?) ■ 


40147 TGTaL R£G£l v tL StGNaL PCW£ R-TQ- ] OT aL ThE RM AL t GHU > PAR(47) 

NOISE PC*EK 13a~44) 


40148 MOpULAT I Oft LOSS (GRO) PAR (48) 

(MOONLAllUN |_CSS- i»NCLUnES AOVfcRSr" TCLEP'ANCE'T - ' — — 


4014$ RECEIVED UaIa SU^CaRHIEW PC*ER-[0-T|-£RmaL (GRO) P A R ( 49 ) 

NOISE SPtCThAL UpwSITY (46 + 4B) ~ ' 1 ~ 


40150 RECEIVER OOIpUI cfi SpR£ A C INTERFERENCE (GRO) PAR(50) 

SPECTRAL CEft?llY "(39-42-35)' 


4015) TOTaL 0,\cONRrLA) fU SPecTRaL OEN>T.TY (GRO) PAR (51) 

( 45 + So ^ £ tN 0 1 f • * opw 'IS' NOT" ADDED' CTPECTL^r * “ 


o 

A 


PARAMETER TOLERANCE TOLERANCE 

value n u Mb e r “ “ v alue 

-1*2 . 6 OB W TOl ( 4 3 ) 

-125.1 08 U TOl (44) __ 

- 191.1 08W/H2 TO|_ ( 45 ) 

78.0 08 TOl (46) 

12-0 f)B __ TOl ( 47 ) 

“1*0 OB 1 TOl ( 48 ) .5 OB 

77.0 DB TOL (49) 

-1 97 . 9 _0 BW/H Z T0H5Q) 

-190.3 DBW/H2 TOl (SI) 



I .0. PARAMETER 

code 


PAGE 6 

PARAMETER 

nUmhER 


Aois? RECEIVED DAIa SUrCARRIER POWER- I O-CChErENT tGRD) 

RFI POWER. ( 36 *Ab— , 9 )- ' — 


40153 RECEIVER uaT a SU^KR I£R POWER- (o-TCTAL <GRD) 

UncCRRELATEO spectral density < 36*48*51) — 


40154 CHANNEL HIT qA I E (g.QM 60S) 


40155 ' AVAILABLE E N p ft G Y _ T U -T H E R M A L ' NO 1 5E'"S p EC T R A L (GROT 

DENSITY (49-54) 


4 015 6 A v 4 I L A d L C EN F R G Y . r O-P Fj "P CW£R Cn h EfrpN" 

tS?-54) 


40157""' AVAILABLE ENfRCiY^ [O-TuTAL" OnCOPRFLATED : '{GROT 

NOISE SPEcIha.E DfnSI7y (53-54) 


4015B • REQUIRED ENchhY-tO-«\OIS£ SHECTHAl 
DENSITY { F C p dir ^£ = 1010^^-3) 


40159 ‘ Channel REREo^amCE MARGIN (GRDT 

(AhCVE Ih£ Sum Or !•“£ ADVERSE TOlfRanCfS) (57-58 



PERFORMANCE MARGIN FoR Nri= 4 NSS= \ IS aD£QDaT£ 




parameter tolerance Tolfrance 

value numrer value" 



76 » 2 D 0 TOL ( 53 ) 






03/27/74 S AF’SCOM rCMK C-N T « PS* l 3S7 n9/al/73 
16. 22. 5v. vrS'iOAC FRrjM *<> ' 

16.23.01. I* 5 00002624 v.o-o* - KILE INPUT , D C 00 

15.23.01 . /.'500. 

15.23.0 l • '" VjE f,LAii " 12 SS 

15 .23 .0 l ,ts(\*r. (rtC T SLaT » jlfH HtVS !. 

15.23.01. « « 

15.23.01. « ri $ l S c & 1 « 

15.23.01. * ' Jeffreys » 

15.23*01. «• '“ 

15*23.01. ««**#**»**■»•**#»***>****•*********«******* 

15.23.01 . f TO. 

15.23.33. 4.253 rP SfCUlNOS COLLATION T I M£ 

15.23. 33. L ftC . 

15.23.47. 13.615 «T SfCUODS LOAO TjMfc 

15.23.59. S TCP - • 

15*23*59. 4.357 fK SECONDS EXECUTION TIKE 


15 . 23 . 59 . 0 ° 000 lull? tfOsD*"- KILE OUTPUT , DC 40 

15 . ? 3 . 59 .C :> A 11.^37 -<;tC. 11.037 ADJ. 

15 . 23 . 59 . In 2.395 r^EC. 2,395 ADJ". 

15. 23. 59, o- 21 1 • v> 0 G <tab. 12. o7? ADJ. 

“•1S.23.S9.SS 26TT 17, 

15*23.59 . po 18. «06 SC- c * CATE 03/?7/74 

“15i.23.59.LU "'END OF jOdt ** — ' : 




